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Description 

The present invention relates to a nitrogen oxides 
(NOx) decreasing apparatus for an internal combustion 
engine. More specifically, the present invention relates 
to an exhaust gas purification system with a lean NOx 
catalyst capable of reducing NOx included in exhaust 
gas fronr> an internal combustion engine, such as a so- 
called lean burn gasoline engine, a diesel engine, or a 
hydrogen engine, independently of a concentration of 
oxygen (O2) included in exhaust gas. that Is, independ- 
ently of an operating air-fuel ratio. Such an apparatus is 
for example described in EP-A-0147751. 

As a method for decreasing NOx included in exhaust 
gas from an internal combustion engine, the following 
three methods are Iciown: 

(1) to decrease NOx by using a three-way catalyst, 

(2) to decrease NOx by using combustion at exces- 
sively lean air-fuel ratios, and 

(3) to decrease NOx by using a lean NOx catalyst 
(as disclosed in JP-A-01 139145). However, there 
are the following problems with these methods. 

With method (1), the ratio of air to fuel supplied to 
an engine must be controlled to about 14.5. namely, the 
stoichiometric air-fuel ratio. If the air-fuet ratio is leaner 
than the stoichiometric air-fuel ratio, NOx cannot be 
decreased by the three-way catalyst. Contrarlly, it is well 
known that to obtain good fuel economy, an engine 
should be operated at air-fuel ratios leaner than the sto- 
ichiometric air-fuel ratio, as shown In FIQ. 2. Thus. NOx 
decrease and fuel economy are incompatible in metiiod 
(1). 

Method (2) seeks to combine NOx decrease with 
fuel economy by using a so-called lean burn engine. 
However, when the engine is operated at air-fuel ratios 
lean enough to decrease NOx, the combustion 
approaches a misfire limit, and driveabllity gets worse. 
To prevent this, an improvement has been proposed, 
wherein turbulences are generated within an engine cyl- 
inder so that the buming velocity is increased to thereby 
shift the misfire limit to tiie lean side. However, If the tur- 
bulences are excessive and the flow velocity becomes 
too high, fbnnation of a flame core and propagation of 
the flame in an early period of combustion will be 
obstructed. Thus, there is a limit to this metiiod. Also, 
another Improvement has been proposed, wherein the 
air-fuel ratio distribution within an engine cylinder is con- 
trolled so that rich air-fuel mixtures are formed only in a 
region close to the ignition plug to produce easy Ignition. 
However, as illustrated in FIQ. 3, when the misfire linrtit 
is shifted to the lean side, the negative slope of the NOx 
concentration curve also Is decreased. Thus, not much 
effect on NOx concentration can be expected. 

Metiiod (3) is intended to solve the above-described 
problems of item (2), more particularly, to operate an 
engine at air-fuel ratios sllghtiy closer to the stoichiomet- 
ric air-fuel ratio than the misfire limit and then to purify 



tiie insufficientiy decreased NOx by using a zeolite-type 
lean NOx catalyst This method has the potential to pro- 
vide a dean system that also has good fuel economy 
However, since the lean NOx catalyst can operate only 

5 under oxidizing exhaust gas conditions and is usually 
exposed to high temperatures, it is difficult to obtain both 
a sufficientiy high NOx conversion by tiie lean NOx cat- 
alyst and durability of tiie catalyst. 

As will be understood from the above, problems of 

10 practical use exist with any conventional NOx decreasing 
method. 

Lean bum gasoline engines as well as diesel 
engines include excess O2 in tiie exhaust gas. tiiat is, 
tiiey are operated under oxidizing gas conditions. The 

IS leaner tiie air-fuel ratio, the greater is the concentration 
of O2 included in the exhaust gas. A catalyst which 
reduces NOx under oxidizing gas conditions Is defined 
as a lean NOx catalyst, which is usually composed of a 
noble metal-type catalyst or a zeolite-type catalyst. The 

20 lean NOx catalyst has an NOx conversion versus tem- 
perature characteristic as shown in FIG. 4. At tempera- 
tures above 350'*C. mainly reduction of NOx by HC 
occurs, while at low temperatures below 250 - 350'C, 
reduction of NOx by hydrogen (H2) occurs, wherein NOx 

25 purification by H2 is possible. 

However, since the lean NOx catalyst is usually 
Installed in or near an engine exhaust manifbid in a con- 
ventional exhaust system, the temperature to which tiie 
catalyst is exposed is as high as 800 - SOC'C. Furtiier. 

30 since the lean burn engine is operated at above stoichi- 
ometric air-fuel ratios, almost no H2 renrwuns in the 
exhaust gas. Therefore, tiie NOx reduction characteristic 
of a lean NOx catalyst at low temperatures below 250 - 
350^^0 has not been used in a conventional lean burn 

35 gasoline engine or diesel engine. 

An object of the invention is to provide an NOx 
decreasing apparatus for an internal combustion engine 
(a lean burn gasoline engine, a diesel engine, or a hydro- 
gen engine), which can effectively reduce NOx included 

40 in exhaust gas even under oxidizing gas conditions, inde- 
pendentiy of a concentration of 02 included in tiie 
exhaust gas. without deteriorating a fuel economy char- 
acteristic of the engine. 

The invention provides an NOx decreasing appara- 

45 tus in accordance with Claim 1 . 

In the apparatus of the invention, methanol or hydro- 
carbons are led to tiie tiie reforming catalyst, where tiie 
metiianol or hydrocartwns are reformed to generate H2. 
The generated H2 is supplied into the exhaust conduit of 

so tiie engine at tiie inlet side of tiie NOx reduction catalyst 
and is mixed with NOx-containing exhaust gas from tiie 
engine. The NOx reduction catalyst causes H2 and NOx 
to react witii each other at low temperatures to reduce 
NOx. Since NOx is reduced tiirough reaction with H2 

55 independentiy of a concentration of O2 included In 
exhaust gas. the air-fuel ratio can be freely determined 
from the viewpoint of good combustion and fuel economy 
witiiout having to achieve minimum generation of NOx. 
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As a result, a high fuel economy and good driveability 
can be maintained. 

The above-described object and other objects, fea- 
tures, and advantages of the present invention will 
become more apparent and will be more readily appre- s 
dated from the following detailed description of the pre- 
ferred embodiments of the invention taken In conjunction 
with the accompanying drawings, in which: 

FIG. 1 is a schematic system diagram illustrating a io 
baste arrangement of an NOx decreasing apparatus 
for an internal conrtbustion engine in accordance 
with the present invention; 
FIG. 2 Is a graphical representation of a specific fuel 
consumption versus air-fuel ratio characteristic; is 
FIG. 3 is a graphical representation of an NOx and 
specific fuel consumption versus air-fuel ratio char- 
acteristic; 

FIG, 4 is a graphical representation of an NOx con- 
version versus inlet gas temperature characteristic; 20 
FIG. 5 is a graphical representation of an NOx con- 
version versus ratio of amount of supplied Hj to 
amount of NOx characteristic; 
FIG. 6 is a schematic system diagram of an appara- 
tus in accordance witti a first embodiment of the 2s 
invention; 

FIG. 7 is an enlarged cross-sectional view of an H2 
generator of the apparatus of FIG. 6; 
FIG. 8 Is a still further enlarged cross-sectional view 
of an inlet end portion of the H2 generator of FIQ. 7; 30 
FIG. 9 is a schematic system diagram of an appara- 
tus in accordance with a second embodiment of the 
invention; 

FIG. 1 0 is an enlarged side view of one embodiment 
of an H2 mixer and NOx reduction catalytic converter 35 
according to the invention; 
FIG. 11 is a graphical representation comparing 
NOx converting characteristics of a pellet-type cat- 
alyst and a monolithic catalyst used in tiie NOx 
reduction catalytic converter of FIG. 1 0; 40 
FIG. 12 Is a partial aoss-sectional view of a pellet- 
type catalyst for use in the NOx reduction catalytic 
converter of FIG. 10; 

FIG. 13 is a partial cross-sectional view of a mono- 
lithic catalyst for use in the NOx reduction catalyst 45 
container of FIG. 10; 

FIG. 14 is a further enlarged cross-sectional view of 
an H2 mixer for use in the apparatus of FIG. 10; 
FIG. 15 is a cross-sectional view of the mixer taken 
along line 15-15 of FIG. 14; so 
FIG. 16 is a schematic cross-section illustrating a 
dimensional relationship between a diameter d of an 
H2 injection nozzle and a diameter D of an exhaust 
conduit in the apparatus of FIG. 14; 
FIG. 17 Is a cross-sectional view of anotiier mixer ss 
for use in tiie apparatus of FIG. 10; 
FIG. 18isisaaoss-sectionalvlewoftiiemixertaken 
along tine18-18of FIG. 17; 



FIG. 1 9 is a graphical representation of an NOx con- 
version versus inlet gas terrperature characteristic 
of an apparatus in accordance witii a fourth embod- 
iment of the invention; 

FIG. 20 is an enlarged partial cross-sectional view 
of another embodiment of an H2 mixer and NOx 
reduction catalytic converter according to the inven- 
tion; 

FIG. 21 is a cross-sectional view of the apparatus of 
tiie eodxxilment of FIG. 20 taken along line 21-21 ; 
and 

FIG. 22 is a partial cross-sectional view of still 
another embodiment of an H2 mixer and NOx reduc- 
tion catalytic converter according to tiie invention. 

With reference to FIG. 1, in an NOx decreasing 
apparatus for an internal combustion engine in accord- 
ance with tiie present invention, an H2 generator 102 for 
generating H2 and supplying tiie generated H2 to an 
exhaust conduit 1 01 of an engine 1 00 includes a reform- 
ing catalytic converter 102 containing a reforming cata- 
lyst 1. The type of reforming catalyst 1 is selected 
according to the kind of fuel used in the engine. 

More particularly, in an engine using metiianol as 
fuel, the following tiiree types of reforming catalysts can 
be used: 

(1) At least one metal selected from the group con- 
sisting of noble metals such as palladium (Pd) and 
platinum (Pt), and transition metals such as copper 
(Cu), chrome (Or), and nickel (Ni), is used as catalyst 
metal of the reforming catalyst. Methanol is evapo- 
rated by heat of the exhaust gas and is reformed at 
the reforming catalyst to generate H2. The temper- 
ature of an inlet portion of the reforming catalyst is 
maintained at about SOO'^C. The reaction at the 
reforming catalyst is as follows: 

CH30H^CO + 2H2 

(2) A Cu-Ni-Cr/alumina catalyst (Cu-Ni-Cr is depos- 
ited onto a canrier of alumina) is used as the reform- 
ing catalyst. Methanol fuel is evaporated and is 
mixed with air. The mixture is led to ttie reforming 
catalyst where the methanol is partially-oxidized to 
generate H2. The catalyst temperature is maintained 
at 400 - SOO^'C by controlling tiie amount of air sup- 
plied to the methanol. The reaction at the reforming 
catalyst is as follows: 

CH3OH + Air H2 + CO + H2O 

(3) Cu-Mn or Cu-Zn is used as the reforming cata- 
lyst. Water vapor, air, or mixture of methanol and 
water is added to methanol fuel to reform tiie fuel to 
generate H2. The catalyst temperature is controlled 
to about 250''C. Tiie reaction at the reforming cata- 
lyst is as follows: 
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CH3OH + H2O 3 H2 + CO2 

Further, in an engine using hydrocarbons 
(HC) such as LPG (liquefied petroleum gas) and nat- 
ural gas as fuel, at least one kind of metal selected s 
from the group consisting of Ni, Co (cobalt), and Rh 
(rhodium) is used as the reforming catalyst. TTie fuel 
is reformed at 300 - 800*C. Water vapor, air. or water 
from a water tank is added to the HC fuel to reform 
the HO fuel and to generate H2. The catalyst is main- 10 
tained at a respective temperature according to the 
kind of catalyst used. Usually, methane is generated 
at low temperatures and CO (caibon monoxide) is 
generated at high temperatures. The reactions at 
the reforming catalyst are as follows: is 



HC + H2P ^ H2 + CH4 + CO2 


300 - 500'C 


HC + H20->H2+CO + C02 


800*»C 


HC + Air-»H2 + C0 


800^'C 


HC + EGR gas H2 + CO 


700°C 



In the NOx decreasing apparatus for an internal 
combustion engine in accordance with the invention, an 
NOx sensor 6 is installed in the exhaust conduit 1 01 con- 
nected to the internal combustion engine 100 to detect 30 
an NOx concentration of the exhaust gas. and an intake 
air sensor 5 is installed in an intake conduit 1 08 to detect 
a total amount of gas. In a controller 7 (electronic control 
unit), an amount of NOx is calculated from the output of 
the NOx sensor 6 and the output of the intake air flow 35 
sensor 5. and the amount of H2 to be supplied to purify 
the calculated amount of NOx is determined. The 
amount of exhaust gas supplied to the reforming catalytic 
converter or the amounts of air and fuel supplied to the 
reforming catalytic converter to partially oxidize the fuel 4o 
may be controlled in accordance with the determined 
amount of required H2. 

Alternatively, the amount of NOx in the exhaust gas 
may be predicted from the outputs of the usual sensors 
for detecting the engine operating conditions such as an 45 
engine speed sensor, an intake pressure detecting sen- 
sor, and a throttle valve opening degree detecting sensor 
or a fuel injection detecting sensor of a fuel pump. The 
amount of fuel supplied to the reforming catalytic con- 
verter may be controlled con^esponding to the precficted so 
NOx amount. 

Furthermore, in the NOx decreasing apparatus of 
the invention, a mixer is installed to evenly mix the sup- 
plied H2 with exhaust gas, and a muffler may be con- 
structed integrally with the NOx reduction catalyst to ss 
make a compact assembly of the muffler and the NOx 
reduction catalytic converter. 

In more detail, a basic system of the NOx decreasing 
apparatus for an internal combustion engine in accord- 



ance with the present invention is illustrated in FIG. 1 . A 
first feature of the invention is that NOx reduction by H2 
is performed at all air-fuel ratios at low temperatures. A 
second feature of the invention Is that a reforming device 
to reform fuel to generate H2 is included in the system. 
A third feature of the invention is that the H2 generation 
is controlled according to the amount of NOx included in 
the exhaust gas. that is, according to the engine operat- 
ing conditions, so that the H2 is supplied to a NOx reduc- 
tion catalyst in the proper molar amount. 

As illustrated in FIG. 1. the NOx reduction catalyst 
2 is disposed at a downstream part of the exhaust con- 
duit 101 in or near a muffler 3. If the NOx reduction cat- 
alyst were disposed upstream at a high temperature 
position. H2 would react witii O2 and the selective reac- 
tion of H2 with NOx would not occur. 

A conduit 1 03 branches from a fuel conduit 1 04 con- 
nected to a fuel tank 105 and connects via a fk>w control 
valve 106 to the reforming catalytic converter 102 con- 
taining the reforming catalyst 1, An H2 conduit 107 con- 
nects the reforming catalytic converter to tiie exhaust 
conduit upstream of the NOx reduction catalyst 2 so that 
tiie generated H2 is supplied to an inlet side of the NOx 
reduction catalyst 2. In order to supply H2 in molar pro- 
portion to the amount of NOx, the intake air sensor 5 Is 
installed in the intake conduit 1 08 of the engine 100 and 
tiie NOx sensor 6 is installed in ttie exhaust conduit 101 
of tiie engine to detect the concentration of NOx included 
in the exhaust gas. The amount of NOx included in the 
exhaust gas is calculated by the controller 7 based on 
the outputs of the sensors 5 and 6, and the amount of 
H2 required to purify fliat amount of NOx is calculated by 
tiie controller 7. 

To cause the H2 generator to generate H2 by the 
amount calculated, tiie amount of fuel to be supplied to 
tiie reforming catalytic converter, tiie amount of exhaust 
gas to heat the reforming catalytic converter, and the 
amount of air to be supplied to the reforming catalytic 
converter in tiie case where fuel is partially oxidized are 
controlled. In this connection, tiie amount of exhaust gas 
to heat the reforming catalytic convertor is controlled by 
an exhaust bypass valve 1 10 installed in a bypass con- 
duit 111. The air flow to the reforming catalytic converter 
is controlled by an air control valve 109. 

FIG. 5 shows curves of NOx conversion versus ratio 
of H2 to NOx. When H2 is supplied at the ratio that H2 ; 
NOx 3 2 ; 1, all NOx will be reduced as shown by tiie 
tiieoretical line in FIG. 5. if the NOx and the supplied H2 
react completely with each other. However, since NOx 
and H2 will not react completely witti each other, the 
actual conversion will be as shown by tiie experimental 
curve in FIG. 5. At H^NOx ratio less than 2.0, the exper- 
imental curve is positioned to the left of the theoretical 
line. This is because water vapor included in the exhaust 
gas is transformed into H2 on the noble metal-type cat- 
alyst. Thus, more H2 than the amount supplied from the 
reforming catalytic converter is available to react with tiie 
NOx. 
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In accordance with the invention, a mixer for mixing 
the supplied Ha with exhaust gas is installed on an inlet 
side of the NOx reduction catalyst. In some embodi- 
ments of the invention, the reforming catalytic converter 
is installed downstream of an oxidation catalyst disposed 
at an outlet of an exhaust manifold of the engine, and the 
NOx reduction catalyst is Installed in or downstream of 
the muffler so that the catalysts are maintained at 
respective optimum temperatures. 

In other embodiments of the invention, an HC oxida- 
tion device for oxidizing HC and CO. such as an oxidation 
catalyst, a three^ay catalyst, and an exhaust reactor is 
installed in a portion of the exhaust conduit close to the 
exhaust manifold, and R-zeolite catalyst (where Pt is 
deposited on zeolite) is used as the lean NOx catalyst. 
Further, tiie NOx reduction catalytic converter and the 
exhaust muffler are integrally constructed Into a single 
assembly in which the NOx reduction catalyst is provided 
witii a muffler function. ' 

Further, in a diesel engine, a soot trapper or an 
unburned HC oxidizing device may be provided 
upstream of the NOx reduction catalyst. Furthermore, 
the present invention may be applied not only to a lean 
burn gasoline engine and a diesel engine but also to a 
hydrogen engine where hydrogen gas is used as fuel. In 
the case of a hydrogen engine, an H2 generator is not 
required and a portion of the H2 fuel can be supplied to 
an inlet side of tiie NOx reduction catalyst. 

These embodiments of the invention will be 
explained in more detail below. 

FIG. 6 illustrates a first embodiment of the invention 
where the system of the invention is applied to a lean 
burn gasoline engine 112 with an engine displacement 
of 1 liter. The engine 1 1 2 of tiie first embodiment is oper- 
ated at excess air ratios of 0.95 - 1 .0 (slightiy rich or just 
a stoichiometric air-fuel ratio) in an idling condition, at 
excess air ratios of 0.8 - 1 .0 (rich) in a full load condition 
and a rapid acceleration condition, and at excess air 
ratios of 1 .2 - 1 .8 in tiie remaining engine operating con- 
ditions. An oxidation catalyst 9 is installed in an exhaust 
conduit 113 near an outiet of an exhaust manifold 8 to 
oxidize unburned products such as HC and CO. Further, 
an NOx reduction catalyst 1 2 is disposed in tiie exhaust 
conduit downstream of a muffler 13. A mixer 10 is pro- 
vided on the inlet side of tiie reduction catalyst 12 to 
evenly mix H2 with exhaust gas. 

An He generator 1 1 (shown in enlarged detail In FIQ. 
7) includes an inner core in the form of a coiled tube 1 1 4 
inserted in the exhaust conduit. At an inlet end 1 14a of 
the Inner core, an electromagnetic fuel injection valve 
1 15 is provided for injecting methanol fuel into tiie Inner 
core. An outlet end 1 14b of the inner core leads to the 
mixer 10 through a conduit 1 16. As shown in FIG. 8, a 
porous ceramic member 1 1 7 for evaporating the mettia- 
nol is located at tiie Inlet of the inner core, and a reform- 
ing catalyst 14 in tiie form of pellets fills tiie inner core 
downstream of the methanol evaporating cerantic mem- 
ber. If the refornrting catalyst is in monolitiiic form, the 



inner core is changed from a coil to a straight tube. Pd 
is used for the reforming catalyst. 

In FIG. 6, an intake air sensor 15 Is installed in the 
intake conduit 1 18 to detect the amount of air supplied 

5 to the engine 1 12, and an NOx sensor 16 is installed in 
the exhaust conduit of the engine to detect the NOx con- 
centration of the exhaust gas. In the one-liter engine 
example of FIG. 6, since the moles of H2 required are 
equal to the moles of NOx, 0.3 l/min of H2 is necessary 

10 at a vehicle speed of 50 Km/h and 1 .0 l/min of H2 is nec- 
essary when the engine is operated at tiie maximum out- 
put. The H2 is produced by reforming a portion of the 
fuel. The portion of fuel consumed to produce the 
required H2 is equal to or less than 1 - 2% of tiie fuel 

15 required to drive a vehicle. As an amount of 1 5 - 20% of 
fuel is saved by using a lean burn engine, the amount of 

I - 2% is negligible compared with the amount of 15 - 
20%. Thus, the fuel economy of the lean burn engine is 
not degraded by adding an H2 generator. In this connec- 

20 tion. the amount of methanol required to generate the H2 
is about 0.1 5 f/mih at a vehicle speed of 50 Km/h. 

In the first embodiment of tiie invention, since only 
a small amount of fuel Is reformed by the H2 generator 

I I and NOx is reduced through reaction with the gener- 
25 ated H2 at the NOx reduction catalyst 1 2 at low temper- 
atures, the amount of NOx can be decreased 
independentiy of the excess air ratio of the engine 112. 
CO. which may be produced togettier witti H2, can be 
transformed by the following reaction: 

30 

CO + H20-*H2 + C02 

Further, CO can be separated from H2 by a Pd mem- 
brane, and H20f high purity can be supplied into the inlet 
35 side of the NOx reduction catalyst 12. However, since 
tiie amount of produced CO Is very small. CO acts as a 
reduction material in the NOx reduction catalyst 12. 
Thus, tiiere Is no fear tiiat CO is exhausted to atmos- 
phere. 

40 FIG. 9 illustrates a second embodiment of the inven- 
tion which comprises a natural gas engine 119 equipped 
with an H2 generator 1 20 and used for an air conditioner 
or a power generator Unlike a vehicle engine, such an 
engine is operated at a constant engine speed and a con- 

45 stent engine load. Therefore, it is easy to maintain con- 
stant temperatures of the reforming catalyst of the H2 
generator 120 and the NOx reduction catalyst 12. Since 
tiie structures of the apparatus of the second embodi- 
ment are substantially tiie same as tiiose of tiie first 

so embodiment, descriptions of tiiem will be omitted. 

The fuel supplied to the H2 generator 120 is natural 
gas. The anmunt of natural gas and tiie amount of air are 
controlled by respective control valves 121 and 122, 
which are controlled in response to the same sensor out- 

55 puts in substantially tiie same manner as in tiie first 
embodiment. 

FIG. 10 illustrates an embodiment of an H2 mixer 
and NOx reduction catalyst container according to tiie 
invention. NOx reduction characteristics are greatiy 
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affected by the H2 supply conditions and structures. In 
FIG. 10. the engine exhaust gas including NOx and O2 
flows through an exhaust conduit 65 to an NOx reduction 
catalytic converter 60. and H2 is supplied to an H2 mixer 
69 located on the inlet side of the NOx reduction catalytic 
converter 60. 

The NOx conversion characteristics for two types of 
catalyst structures are shown in FIG. 1 1 , where the 
abscissa measures a ratio of the amount of supplied H2 
to the amount of NOx. and the ordinate measures an 
NOx conversion or NOx purification rate. In a case where 
a catalyst in the form of pellets 61, as shown in FIG. 12. 
fill the NOx reduction catalytic converter 60 of FIG. 10. 
the NOx reduction catalyst produces a high NOx conver- 
sion, as shown in FIG. 1 1 . In a case where a monolithic 
catalyst 62, as shown in FIG. 13, fills the catalytic con- 
verter of FIG. 10. FIG. 1 1 shows thatthe NOx conversion 
of the NOx reduction catalyst decreases, even if the 
amount of supplied H2 is the same. 

This is because, in the case of the catalyst in the 
form of pellets, H2 and NOx are well mixed with each 
other when they flow through the labyrinthine clearances 
between the pellets. In contrast, in the case of the mon- 
olithic catalyst, since the monolithic catalyst has numer- 
ous parallel passages which are independent of each 
other, an uneven distribution of H2 at the inlet of the cat- 
alyst is maintained up to the outlet of the catalyst. Thus, 
the utilization rate of H2 of the monolithic catalyst is infe- 
rior to that of the pellet-type catalyst. 

From the operational viewpoint of an engine exhaust 
system, however, the pellets of catalyst are apt to cause 
abrasion due to vibration and to get smaller in size. They 
also tend to cause a large flow friction loss due to the 
labyrinth passages and thus to raise the engine back 
pressure and to degrade the power characteristic of the 
engine. Therefore, it is desirable to use a monolithic cat- 
alyst for the NOx reduction catalyst. 

If a monolithic catalyst is used in the NOx reduction 
catalytic converter, then a mixer 69 for evenly mixing H2 
with NOx is necessary FIGS. 14and 15 illustrate a mixer 
69 comprising an H2 injection nozzle 63. The H2 injection 
nozzle 63 is a pipe bent in the form of a letter L and has 
a plurality of radially directed injection holes 64. The 
number of injection holes 64 is preferably four to six in 
each of at least one plane perpendicular to the axis of 
the pipe (six holes in each of two mutually perpendicular 
planes are provided in the embodiment of FIGS. 14 and 
15). 

A ratio of an outside diameter d of the injection noz- 
zle 63 to an inside diameter D of the exhaust conduit 
(exhaust pipe) 65 should be equal to or greater than 0.2 
(20%). When the diameter d is increased relative to D. 
the flow resistance will be large, so that a portion of the 
exhaust pipe 65 may be enlarged in aoss section, as 
shown in FIG. 16. A distance L(see FIG. 10) between 
the injection nozzle 63 and the NOx reduction catalyst 
60 should be equal to or greater than twice the outside 
diameter D of a portion of the exhaust conduit not 
enlarged in cross section. Increasing L beyond ten times 



D, however, produces little additional effect in even mix- 
ing of H2 with NOx. 

An alternative embodiment of the H2 mixer 69' is 
shown in FIGS. 1 7 and 1 8. In this embodiment, the mixer 

5 includes an HC injection nozzle 66 of a smalt diameter 
and a cylinder 63 having a diameter greater than that of 
the HC injection nozzle. The cylinder 68 has an open 
upstream end and an end plate at the downstream. A 
plurality of apertures 67 are formed in the wall of the cyl- 

10 inder 68. The H2 Injected from the HC injection nozzle 
66 mixes with a portion of the exhaust gas which enters 
the cylinder 68. The mixture of the H2 and the exhaust 
gas flows through the apertures of the cylinder 68 and 
mixes with the remaining portion of the exhaust gasflow- 

15 ing outside the cylinder 68. IVIixing H2 with the exhaust 
gas in two steps produces a uniform mixture. 

The mixing degree of H2 with exhaust gas is affected 
by the relative diameters of the nozzle 66 and the cylin- 
der 68. Preferably, a ratio of the inside diameter D of the 

20 cylinder 68 to the outside diameter d of the injection noz- 
zle 66 is in the range of 1 .7 - 3, and most preferably 2. 
from the viewpoint of mixing. 

Since the H2 mixing apparatus of the embodiment 
of FIGS. 1 7 and 1 8 having the above-defined ratio of D/d 

25 has a good mixing characteristic, tiie NOx reduction cat- 
alyst shows a high NOx conversion even if the NOx 
reduction catalytic converter has a monolithic catalyst. 
Since tiie required amount of H2 can be reduced by 30 
- 60% at the same NOx conversion rate when the mixer 

30 is provided, the amount of fuel required to generate H2 
can be deaeased so that reduction in fuel economy is 
minimized when using a monolithic NOx reduction cata- 
lyst. 

For example, the effect of the mixer was evaluated 
35 using a lean burn gasoline engine of 1.6 liters. In the 
tests, the engine speed was 2000 rpm, the torque was 
40 Nm, and the NOx exhaust amount was 0.44 l/min. 
Without an H2 mixer, the H2 amount required to purify 
the NOx was 0.661 min, and the amount of fuel (metha- 
40 nol) to generate the H2 was 0.33 l/min. 

When the mixer of FIGS 1 7 and 1 8 with the ratio D/d 
of 2 was used, tiie amount of H2 was 0.44 l/rnin, and the 
amount of fuel to generate the H2 was 0.22 l/min. There- 
fore, tiie amount of 0.1 1 l/min of fuel could be saved as 
45 compared with the above-described case having no 
mixer. 

FIGS. 20 and 21 illustrate another embodiment of 
an H2 mixer and NOx catalytic converter wherein a lean 
NOx catalyst 82 is disposed in a muffler 80. When tiie 

50 NOx reduction catalyst is disposed in or near a muffler, 
where the exhaust gas temperature is low. tiie reaction 
rate of H2 with NOx is not high. So. the NOx reduction 
catalyst should t>e used at SV values (a ratio of the vol- 
ume of exhaust gas passing through ttie catalyst to ttie 

55 volume of tine catalyst) of 10,000 - 60,000, which are 
smaller than the SV values of 50,000 • 100,000 of the 
conventional catalyst disposed near the exhaust mani- 
fold. This means that tiie required volume of the NOx 
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reduction catalyst becomes greater than that of the con- 
ventional catalyst disposed near the exhaust manifold. 

To make installation of the NOx reduction catalyst 
easy, the NOx reduction catalyst 82 and the muffler 80 
are integrated as a single assembly 83 in the embodi- 
ment of FIGS. 20 and 21, wherein the lean NOx catalyst 
82 is disposed In the exhaust muffler 80 so that the 
assembly 83 of the NOx reduction catalyst (Pt-zeolite 
catalyst) and the exhaust muffler is made compact. 

Exhaust gas mixed with H2 flows to the integral 
assembly 83 of the catalyst and muffler. The exhaust gas 
mixed witii H2 collides with a mixing plate 84 which has 
many apertures 85 of different sizes. When the exhaust 
gas mixed with H2 flows through the apertures 85, the 
exhaust gas and H2 mix well witii each other. Then the 
mixed gas flows to the monolithic catalyst 82. Since no 
aperture is provided at a center portion of the mixing 
plate 84, the exhaust gas will not concentrate in a central 
portion of the monolithic catalyst 82. Since tiie sizes of 
the apertures 85 are different from each otiier, tiie 
speeds of portions of gas passing through the apertures 
are different so that the portions of gas are agitated and 
the sound is muffled due to interference between por- 
tions of tiie gas. 

Since tiie muffler is usually disposed at a tale pipe 
of the exhaust conduit and the exhaust gas has been 
cooled before flowing to the muffler, the temperature of 
the gas entering tiie muffler is about 1 50 - 200''C at tiie 
maximum, and about 100 - 150°C in normal operations. 

In tiie cases of tiie conventional tiiree-way catalyst 
and tiie conventional Cu/zeolite-type lean NOx catalyst 
reducing NOx in tiie presence of HO. since these cata- 
lysts can show activity only in a temperature range above 
300 - 400°C. they are not allowed to be disposed in a 
tailpipe muffler. As discussed above, however, when 
NOx reduction is effected by H2 instead of by HC, NOx 
purification at low temperatures is possible. However, 
even in those cases, the temperature is in tiie range of 
150 ' 300''C and is slightiy higher than tiie inlet temper- 
ature of tiie exhaust muffler. 

It was experimentally investigated from the view- 
point of catalyst activity what idnds of catalysts should 
be used. From the experiments, it was found that Pd and 
Rh showed no activity, Gu showed a low activity, and R 
showed a high activity to reduce NOx in cooperation with 
H2. However, it was also found that Pt should be highly 
distributed and that, for the high distribution, a carrier 
having a high specific surface area (greater than 100 
m2/g) such as zeolite was necessary. 

Further, it was investigated whether the exhaust gas 
should be pretireated before mixing with H2. The experi- 
ment results are shown in FIG. 19. More particularly, 
when exhaust gas with no pretreatment was mixed with 
H2 and the mixture was tiien introduced to the lean NOx 
catalyst (Pt catalyst), the lean NOx catalyst exhibited its 
peak activity at about 250''C, as shown by characteristic 
cun/e B in FIG. 19. On the other hand, if an oxidizing 
device such as an aflertxjrner. a reactor, a three-way cat- 
alyst, or an oxidation catalyst was Installed in the vicinity 



of the engine exhaust manifold, when exhaust gas was 
caused to flow through tiie oxidizing device so that CO 
and HC were removed from tiie exhaust gas, the lean 
NOx catalyst showed its peak activity at 100 - 150^*0, as 

5 shown by characteristic curve A in FIG. 1 9. 

This temperature range of 100 - 150'*C coincides 
with the inlet temperature of tiie exhaust muffler, which 
means tiiat it is possible to install the Pt/zeolite-type NOx 
reduction catalyst 82 w'rthin the exhaust muffler 80. Fur- 

10 tiier, it was found that it would be better to remove HC 
and CO from ttie exhaust gas before the exhaust gas 
reached tiie NOx reduction catalyst. This is because 
NOx conversion by the lean NOx catalyst would be 
improved rf no soot resulting from incomplete burning of 

IS HC were formed on tiie catalyst. 

Further, tiie sound muffling effect is improved by 
installing an interference tube EX1 at a location down- 
stream of the monolithic converter 82. 

An H2 mixing and NOx reduction catalytic converter 

20 apparatus of FIG. 22 is different from the apparatus of 
FIGS. 20 and 21 only in the structure of the mixer. More 
particularly, the mixer of FIG. 22 comprises a mixing pipe 
86 having a plurality of apertures 85, while the mixer of 
FIGS. 20 and 21 comprises a mixing plate. H2 from an 

25 H2 generator is injected into tiie mixing pipe. The appa- 
ratus of FIG. 22 has tiie same functions and advantages 
as tiiose of the apparatus of FIGS. 20 and 21 . 

In the embodiments of FIGS. 20 & 21 and of FIG. 
22, since the NOx reduction catalytic converter and tiie 

30 exhaust muffler are integrated into a single assembly 83, 
the assembly is compact and is easy to be mounted to 
a vehicle. Further, the apparatus maintains a high NOx 
conversion characteristic over tiie entire engine opera- 
tion range. 

35 

Claims 

1 . An NOx deaeasing apparatus for an internal com- 
bustion engine comprising 

40 an internal combustion engine (100) capable 

of fuel combustion at lean air-fuel ratfos. the engine 
having an exhaust conduit (101), an upstream end 
of which is connected to the engine (100), and an 
exhaust muffler (3) installed in tiie exhaust conduit; 

45 an NOx reduction catalyst (2) installed at a 

downstream, low temperature location in the 
exhaust conduit (101), the NOx reduction catalyst 
(2) being a Pt/zeolite catalyst capable of causing H2 
to selectively react with NOx at temperatures lower 

so tiian SOO^'C under a predetermined engine running 
condition, wherein tiie predetermined engine run- 
ning condition includes an excess oxygen condition, 
to thereby decompose the NOx into N2 and H2O; 
an H2 generator (102) for generating H2, the 

55 H2 generator (1 02) including an inner core inserted 
in tiie exhaust conduit at a location upsti'eam of the 
muffler (3) and the NOx reduction catalyst (2) (101) 
and a reforming catalyst (1 ) for reforming fuel to gen- 
erate H2 housed in the inner core; and 
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means (107) for supplying the generated H2 
adjacent to the inlet of the NOx reduction catalyst 
(2). wherein the means (107) for supplying the gen- 
erated H2 comprises a mixer (10) for mixing H2 with 
exhaust gas from the engine, wherein the mixer (1 ) 5 
is located in the exhaust conduit (101) adjacent to 
the inlet of the NOx reduction catalyst (2). 

2. An apparatus according to Claim 1 , wherein the H2 
generator (1 02) includes a reforming catalyst (1 ) for 10 
reforming methanol to generate H2. 

3. An apparatus according to Claim 2, wherein the 
reforming catalyst (1) includes at least one kind of 
catalyst metal selected from the group composed of is 
noble metal including Pt and Pd and transition metal 
including Cu. Cr. and Ni. so that said methanol can 

be evaporated by heat from exhaust gas and 
reformed at the reforming catalyst (1 ) at about SOO^'C 
to generate H2. 20 

4. An apparatus according to Claim 2, wherein the 
reforming catalyst (1 ) comprises a Cu-Ni-Cr/alumina 
catalyst, so that said methanol can be evaporated 

by heat from exhaust gas, mixed with air, and 2s 
reformed at the reforming catalyst (1) at 400 - SOO^'C 
to generate H2. 

5. An apparatus according to Claim 2, wherein the 
reforming catalyst (1) includes either one of Cu-Mn 30 
and Cu-Zn, so that said methanol can be added with 

at least one of water vapor, air and mixture of meth- 
anol and water, and reformed at the reforming cata- 
lyst at about 250''C to generate H2. 

35 

6. An apparatus according to Claim 1 , wherein the H2 
generator (102) includes a refbnning catalyst (1) fbr 
reforming hydrocarbons such as LPQ and natural 
gas to generate H2. 

40 

7. An apparatus according to Claim 6, wherein the 
refonming catalyst (1) Includes at least one kind of 
metal selected from the group composed of Ni, Co 
and Rh, so that said hydrocarbons can be added 
with at least one of water vapor, air and water, and 45 
reformed at the reforming catalyst at 300 - dOO^'C to 
generate H2. 

8. An apparatus according to Claim 1. wherein the 
engine (100) is a fiydrogen engine, and the H2 gen- so 
erator (102) comprises an H2 fuel tank fbr the 
engine. 

9. An apparatus according to Claim 1 , further compris- 
ing 55 

an NOx sensor (6) for detecting an NOx con- 
centration of exhaust gas to generate an output; 

an intake air sensor (5) for detecting a volume 
flow of intake air to generate an output; and 



a controller (7) for determining an amount of 
NOx included in exhaust gas from the engine based 
on the outputs of the NOx sensor and the intake air 
sensor, and determining an amount of H2 required 
to reduce the determined amount of NOx. 

1 0. An apparatus according to Claim 1 , further compris- 
ing 

engine operating condition detecting sensors 
fbr detecting engine operating conditions and gen- 
erating output, the engine operating condition 
detecting sensors including an engine speed sensor 
and an engine load sensor; 

a controller for determining an amount of NOx 
included in exhaust gas from the engine based on 
the outputs from the engine operating condition 
detecting sensors, and determining an amount of H2 
required to reduce the determined amount of NOx. 

1 1 . An apparatus according to Claim 1 . further compris- 
ing 

an oxKlizing device (9) located in the exhaust 
gas conduit upstream of the NOx reduction catalyst 
for oxidizing HC and CO included in exhaust gas 
from the engine, and wherein the engine has an 
exhaust manifold having an outlet, the H2 generator 
(11) being disposed at the outlet of the exhaust man- 
ifold, and the NOx reduction catalyst (12) being 
located in the muffler or a portion of the exhaust con- 
duit downstream of the muffler (13). 

12. An apparatus according to claim 1 . further compris- 
ing an oxidizing device (9) for oxidizing HC and CO 
included in exhaust gas from the engine, and 
wherein the NOx reduction catalyst (1 2) is a Pt type 
catalyst which comprises platinum deposited on a 
carrier consisting of zeolite. 

13. An apparatus according to daim 12. wherein the Pi 
type catalyst of the NOx reduction catalyst (82) is 
housed in the muffler (80) to constitute a single 
assembly of the NOx reduction catalyst and the muf- 
fler. 

14. An apparatus according to Claim 1. wherein Inner 
core of the H2 generator (102) is constructed of a 
coiled tube (114). and virherein the H2 generator 
(102) further includes an electro-magnetic injection 
valve (115) for injecting methanol into one end por- 
tion. 

1 5. An apparatus according to daim 1 , wherein the NOx 
reduction catalyst (2) comprises a pellet type cata- 
lyst (61). 

1 6. An apparatus according to daim 1 , wherein the NOx 
reduction catalyst (2) conprises a monolithic type 
catalyst (62), and wherein the mixer (10, 69) com- 
prises an Injection nozzle (63) connected to the H2 
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generator and having a plurality of radially directed 
holes (64) for Injecting H2 therethrough. 

17. An apparatus according to claim 16, wherein the 
injection nozzle (63) has an outside diameter equal s 
to or greater than 20% of an inside diameter of the 
exhaust conduit (65), the exhaust conduit being 
enlarged in diameter at a portion in which the injec- 
tion nozzle is disposed, the injection nozzle (63) 
being spaced apart from the NOx reduction catalyst 10 
(60) by a distance at least twice the inside diameter 

of the exhaust conduit (65) and no more than ten 
times the inside diameter of the exhaust conduit 
(65). 

IS 

1 8. An apparatus according to claim 1 , wherein the NOx 
reduction catalyst (2) comprises a monolithic type 
catalyst (62), and wherein the mixer (10) comprises 
an injection nozzle (66) having a first diameter, and 

a cylinder (68) coaxial with and downstream of the 20 
injection nozzle (66), the cylinder (68) having a sec- 
ond diameter greater than thefirst diameter and hav- 
ing a plurality of injection apertures (67) formed in a 
wall of the cylinder. 

25 

19. An apparatus according to claim 18. wherein a ratio 
of the second diameter to the first diameter is In the 
range of 1.7 to 3. 

20. An apparatus according to claim 19, wherein the so 
ratio of the second diameter to the first diameter is 
substantially 2. 

21 . An apparatus according to daim 13, further compris- 
ing a mixing plate (84) disposed in the muffler (80) 3S 
and upstream of the NOx reduction catalyst (82), the 
mixing plate (84) comprising a plate having aper- 
tures (85) of different sizes. 

22. An apparatus according to claim 13, wherein the 40 
means for supplying the generated H2 comprises a 
mixing pipe (86) disposed in the muffler and con- 
nected to the exhaust conduit, the mixing pipe (86) 
having apertures (85) formed in a wall of the mixing 
pipe (86). the H2 generator injecting the generated 45 
H2 into the mixing pipe (86). 

23. An apparatus according to claim 1 2, wherein the oxi- 
dizing device is any one of an afterburner, a reactor, 

a three-way catalyst, and an oxidation catalyst so 

Pateritanspruche 

1. Einrichtung zur Verminderung von Stickstoffoxiden 
bzw. NOx Brennkraftmaschine. die aufweist: ss 

- eine Brennkraftmaschine (1 00), ausgelegt zum 
Verbrennen vom Kraftstoff bei mageren 



Luft/Kraftstoff-Verhaitnissen, wobeidie Brennk- 
raftmaschine aufweist: 
eine Abgasleitung (1 01 ), 
ein zustromseitiges Ende. welches m'rt der 
Brennkraftmaschine (100) vertxinden ist und 

- einen Auspufftopf (3). der in der Abgasleitung 
angeordnet ist, 

- einen NOx-Reduktionskatalysator (2), der an 
einer abstromseitigen Niedrigtemperatur- Posi- 
tion in der Abgasleitung (101) angeordnet ist. 
der NOx-Reduktionskatalysator (2) ein Pt/Zeo- 
lith-Katalysator ist, der in der l-age ist, ein sele- 
ktives Reagieren von H2 mit NOx 
Temperaturen von weniger als 300**C unter 
einer vorbestimmt en Laufbedingung der Brenn- 
kraftmaschine zu bewirken. wobei die vorbes- 
timmte Lauft}edingung der Brennkraftmaschine 
eine OberschuB-Sauerstoff-Bedingung auf- 
weist, um dadurch die NOx N2 und H2O zu 
zerlegen. 

einen H2-Erzeuger (1 02) zum Erzeugen von H2, 
wobei der H2-Erzeuger (102) einen Innenkem 
aufweist, der in der Abgas-Leitung (101) an 
einer Position zustromseitig des Auspufftopfs 
(3) und des NOx-Reduktionskatalysators (2) 
angeordnet ist, und einen Refbrmkatalysator (1) 
zum Refbrmieren von Kraftstoff zum Erzeugen 
von H2, angeordnet im Innenkern, und 
eine Vorrichtung (107) zum Zufuhren des 
erzeugten H2 neben dem EinlaB des NOx- 
Reduktionskatalysators (2), wot)ei die Vorrich- 
tung (107) zum ZufOhren des erzeugten H2 
einen H2-Mischer (10) zum Vermischen des H2 
mit dem Abgas aus der Brennkraftmaschine 
aufweist, wobei der H2-Mischer (10) in der 
Abgasleitung (1 01 ) neben dem EinlaB des NOx- 
Reduktionskatalysators (2) angeordnet ist. 

2. Einrichtung nach Anspruch 1, wobei der H2- 
Erzeuger (102) einen Reformkatalysator (1) zum 
Erzeugen von H2 durch Reformieren von Mettianol 
aufweist. 

3. Einrichtung nach Anspruch 2, wobei der Refbrm- 
katalysator (1) mindestens eine Katalysatormetal- 
lart aufweist ausgewahit aus der Gruppe. welche 
Edelmetall aufweist, einschlieBlich R und Pd, und 
Ubergangsmetalle aufweist, einschlieBlich Cu, Or 
und Ni, sodaB Methanol durch die Abgaswdrme ver- 
dampft und zum Erzeugen von H2 am Reformkata- 
lysator (1) bei etwa 300*'C refbrmiert werden kann. 

4. Einrichtung nach Anspruch 2, wobei der Refbrm- 
katalysator (1) einen Cu-Ni-CryTonerde-Katalysator 
aufweist, so daB zum Erzeugen von H2 Metiianol 
durch die Abgaswdrme verdampft mit Luft vermis- 
cht und am Refbrmkatalysator (1) bei 400 - 500''C 
reformiert werden kann. 
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5. EInrichtung nach Anspruch 2. wobei der Reform- 
katalysator (1) jeweils entweder Cu-Mn Oder Cu-Zn 
aufweist, so daB zum Erzeugen von Ha Methanol 
mindestens entweder Wasserdampf Oder Luft Oder 
eine Gemisch aus Methanol und Wasser hinzuge- 
fugt werden kann, wobei das Gemisch am Reform- 
katalysator bei etwa 250^*0 refbrmiert wird. 

6. Einrlchtung nach Anspruch 1, wobei der Hz- 
Erzeuger (102) zum Erzeugen von H2 einen Reform- 
katalysator (1) zum Reformieren von Kbhlenwass- 
erstoffen, wie z. B. VEG bzw. verf IQssigtes ErdOlgas 
und Erdgas. aufweist 

7. Einrichtung nach Anspruch 6, wobei der Refbrm- 
katalysator (1) 

mindestens ein Metallelement aufweist, aus- 
gewdhlt aus der Gruppe, die Ni. Co und Rh auf- 
weist. so daB den Kbhienwasserstoffen 
mindestens entweder Wasserdampf oder Luft 
Oder Wasser hinzugefOgt werden kann, und das 
Reformieren am Refbrmkatalysator be! 300 - 
800''C erfolgt, um H2ZU erzeugen. 

8. Einrichtung nach Anspruch 1 . wobei die Brennkraft* 
maschine (100) eine Wasserstoff-Brennkraftmas- 
chine ist und der HrErzeuger (102) einen 
BrennstofftankfOrdie Brennkraftmaschine aufweist 

9. Einrichtung nach Anspruch 1 , die femer aufweist: 

einen NOx-Sensor (6) zum Erfassen einer NOx- 
Kbnzentration des Abgases, um eine Aus- 
gangsinformation zu erzeugen, 
einen Ansaugluftsensor (5) zum Erfassen eines 
Ansaugluftvolumenstroms. um eine Aus- 
gangsinformation zu erzeugen, und 
- eine Steuervon^ichtung (7) zum Bestimmen 
einer NOx-Menge, die im Abgas der Brennkraft- 
maschine enthalten ist, basierend auf den Aus- 
gangslnfbrmationen des NOx-Sensors und des 
Ansaugluftsensors, und Bestimmen einer Hr 
Menge, die zum Vermindern der bestimmten 
NOx-Menge erforderlich Ist. 

10. Einrichtung nach Anspruch 1 , die femer aufweist: 

Brennkraftmaschinen-Betriebsbedingung- 
serfassungssensoren zum Erfassen der Brenn- 
kraftmaschinen-Betriebsbedingungen und 
Erzeugen einer Ausgangsinfbrmation, wobei 
die Brennkraftmaschinen-Betriebsbedingung- 
serfiassungssensoren einen Brennkraftmas- 
chinen-Drehzahlsensor und einen 
Brennkraftmaschinen-Belastungssensor auf- 
weisen, 

eine Steuervorrichtung zum Bestimmen einer 
NOx-Menge, die im Abgas der Brennkraftmas- 



chine enthalten ist basierend auf den Aus- 
gangsinfbrmationen der Brennkraftmaschinen- 
Betriebsbedingungserfassungssensoren, und 
Bestimmen einer fflr das Reduzieren der bes- 
5 timmten NOy-Menge erforderlichen HrMenge. 

11. Einrichtung nach Anspruch 1 , die femer aufweist: 

eine Oxydiervorrichtung (9). die zustromseitig 
10 des NOx-Reduktionskatalysators in der 

Abgasteitung angeordnet ist, zum Oxydieren 
des im Abgas der Brennkraftmaschine 
errthaltenen KW und CO bzw. Kohlenmonoxid, 
und wobei die Brennkraftmaschine einen Aus- 
IS puffkrummer mit einem AuslaB aufweist, der I-I2- 

Erzeuger (1 1 ) am AuslaB des AuspuffkrOmmers 
angeordnet Ist und der NOx-Reduktionskata- 
lysator (12) im Auspufftopf oder in einem 
Abschnitt der Abgasleitung abstromseitig des 
20 Auspufftopfs (1 3) angeordnet ist 

12. Einrichtung nach Anspruch 1, die femer aufweist: 

eine Oxydiervorrichtung (9) zum Oxydieren von 
25 im Abgas der Brennkraftmaschine enthaltenem 

KW und CO. und wobei der NOx-Reduktion- 
skatatysator (12) ein R-Type-I^talysator ist, 
welcher Platin, auf einem Trdger aus Zeolith 
angeordnet, aufweist. 

30 

13. Einrichtung nach Anspruch 12, wobei der Pt-Type- 
Katalysator des NOx-Reduktlonskatalysators (82) 
Im Auspufftopf (80) angeordnet ist, um dne ein- 
stOckige Anordnung aus NOx-Reduktionskatalysa- 

35 tor und Auspufftopf auszubilden. 

14. Einrichtung nach Anspruch 1, wobei der Innenkem 
des H^Erzeugers (102) ais ein gewundenes Rohr 
(114) ausgebildet ist und wobei der H^Erzeuger 

40 (102) auBerdem zum Einspritzen von Methanol in 
einen Endabschnitt ein elektromagnetisches Kraft- 
stoffelnspritEventll (115) aufweist. 

15. Einrichtung nach Anspruch 1, wobei der NOx- 
45 Reduktionskatalysator (2) einen Granulat-Type- 

Katalysator (61) aufweist. 

16. Einrichtung nach Anspruch 1, wobei der NOx* 
Reduktionskatalysator (2) einen monolithischen 

50 Katalysator (62) aufweist. und wobei der H2-Mischer 
(1 0, 69) eine H2-EinspritzdQse (63) aufweist, die mit 
dem HrErzeuger verbunden Ist und eine Vielzahl 
von radial gerichteten Einspritzl6chern (64) auf- 
weist, um durch diese H2 einzusprltzen. 

55 

17. Einrichtung nach Anspruch 16, wobei die H^Einsp- 
rltzdOse (63) einen AuBendurchmesser gleich oder 
grOBer ats 20% eines Innendurchmessers der 
Abgasleitung (65) aufweist, die Abgasleitung in 
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einem Abschnitt. In welchem die Hz-EinspritzdOse 
angeordnet ist. im Durchmesser vergrOBert ist, die 
HrEinspritzduse (63) vom NOx-Reduktionskon- 
verter (60) um eine Distanz beabstandet ist, die 
mindestens dem doppelten Innendurchmesser der 5 
Abgasleitung (65) und nicht mehr als dem zehn- 
^chen Innendurchmesser der Abgasleitung (65) 
entspricht. 

18. Einrichtung nach Ansprucli 1, wobei der NOx- 10 
ReduktionsKatalysator (2) einen monolithischen 
Katalysator (62) aufweist, und wobei der H2-Mischer 
(10) eine EinspritzdQse (66) aufweist» die einen 
ersten Durchmesser hat. und einen Zylinder (68) 
koaxial mit und abstromseitig der EinspritzdQse is 
(66), der Zylinder (68) einen zweiten Durchmesser 
aufweist, der grO(3er als der erste Durchmesser Ist 
und eine Vielzahl von in einer Zylindenwand ausge- 
bildeten EinspritzOffnungen (67) aufweist. 

20 

19. Einrichtung nach Anspruch 18, wobei ein Verhdltnis 
des zweiten Durchmessers zum ersten 
Durchmesser im Bereich von 1 ,7 bis 3 Ist. 

20. Einrichtung nach Anspruch 1 9. wobei das Verhaitnis 2s 
des zweiten Durchmessers zum ersten 
Durchmesser im wesentlichen 2 ist 

21. Einrichtung nach Anspruch 13, die ferner eine im 
Auspufftopf (80) und zustromseitig des NOx-Reduk- 30 
tlonskatalysators (82) angeordnete Mischplatte (84) 
aufweist und die MIschplatte (84) eine Platte mit Off- 
nungen (85) mit unterschiedlteher GrOBe aufweist. 

22. Einrichtung nach Anspruch 13, wobei die Vonrich- 35 
tung zum Bereitstellen des erzeugten H2 ein im Aus- 
pufftopf angeordnetes und mit der Abgasleitung 
vertHjndenes Mischrohr (86) aufweist. das Mis- 
chrohr (86) in einer Wand des Mischrohres (86) aus- 
gebildete Offnungen (85) aufweist und der H^- 40 
Erzeuger das erzeugte H2 in das Mischrohr (86) ein- 
spritzt. 

23. Einrichtung nach Anspruch 12, wobei die Oxydler- 
vorrichtung jewells eine Nachverbrennvorrichtung 45 
Oder ein Reaktor oder ein Drei-Weg-Katalysator 
Oder ein Oxydationskatalysator ist. 

Revendlcations 

50 

1. Dispositif pour diminuer remission de NOx 
moteurs & combustion interne comprenant 

un moteur k combustion interne (1 00) capa- 
ble de brOler un combustible avec des rapports 
air/combustible correspondant k des melanges pau- 55 
vres, le moteur comportant un conduit d'^chappe- 
ment (1 01), dont I'extr^mitd amont est connect^e au 
moteur (100). et un pot silendeux d'6chappement 
(3) install^ dans le conduit d'6chappement ; 



un catalyseur de reduction de remission de 
NOx (2) instail§^un emplacement ^ basse tempera- 
ture, en aval dans le conduit d'^chappement (101), 
le catalyseur de r^uction de remission de NOx (2) 
6tant un catalyseur en z6olithe/Pt capable de faire 
r^agir s^lectivement H2 avec NOx ^ tempera- 
tures plus faibles que 300 ""C sous une condition de 
regime de moteur predetermin^e, dans lequel la 
condition de regime de moteur pr^determinde indut 
une condition d'exc^s en oxyg^ne, afin de decom- 
poser de ce fait le NOx ^ ^2 et H^O ; 

un generateur d*H2 (102) destine a generer 
H2 , le generateur d'H2 (102) comprenant un fais- 
ceau interne insere dans le conduit d*echappement 
(101) k un emplacement situe en amont du pot 
d'echappement (3) etdu catalyseur de reduction de 
remission de NOx ^ un catalyseur de reformage 
(1 ) destine k reformer le combustible afin de generer 
H2 . loge dans le faisceau interne ; et 

des moyens (107) pour fournir rH2 g6n6re, 
adjacents k Tentree du catalyseur de reduction de 
remission de NOx (2). dans lequel les moyens (107) 
pour fournir rH2 genere comprennent un meiangeur . 
(1 0) pour meianger rH2 avec les gaz d'echappement 
provenant du moteur. dans lequel le meiangeur (10) 
est dispose dans le conduit d'echappement (101) 
adjacent k I'entree du catalyseur de reduction de 
remission de NOx (2). 

2. Dispositif selon la revendication 1, dans lequel le 
generateur dH2 (102) comprend un catalyseur de 
reformage (1) destine k reformer du metiianol afin 
de generer H2. 

3. Dispositif selon la revendication 2. dans lequel le 
catalyseur de reformage (1) comprend au moins une 
sorts de metal catalytique seiectionne panni le 
groupe compose d'un metal noble comprenant le R 
et le Pd et un metal de transition comprenant le Cu. 
le Or, et le Ni, de telle sorte que le dit methanol 
puisse §tre evapore par la chaleur provenant des 
gaz d'echappement puis refbrme au contact du cat- 
alyseur de reformage (1) k environ 300 ""C afin de 
generer H2 . 

4. Dispositif selon la revendication 2, dans lequel le 
catalyseur de reformage (1) comprend un cataly- 
seur Cu-Ni-Cr/alumine. de telle sorte que le dit 
metiianol puisse dtre evapore par la chaleur prove- 
nant des gaz d'echappement, melange k de Tair, 
puis reforme au contact du catalyseur de reformage 
(1) k environ 400 e 500 ^'C afin de generer H2. 

5. Dispositif selon la revendication 2, dans lequel le 
catalyseur de reformage (1) comprend Tun des alli- 
ages Cu-Mn ou Cu-Zn, de telle sorte que le dit meth- 
anol puisse etre additionne d*au moins Tun des 
addftifs comprenant de la vapeur d'eau, de I'air et un 
melange de methanol et d'eau. puis reforme au con- 
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tact du catalyseur de reformage (1) ^ environ 250 
°C afin de g^n^rer Ha. 

6. Dispositif selon la revendication 1 , dans lequei ie 
g^^ateur d'H2 (102) comprend un catatyseur de s 
reformage (1 ) destine k reformer des hydrocarbures 
tels que GPL et gaz nature! afin de g^n^rer H2. 

7. Dispositif selon la revendication 6, dans lequei Ie 
catalyseur de reformage (1) comprend au moins une 10 
sorte de m^tal $6lectionn6 parmi le groupe compost 

du Ni. du Co et du Rh, de telle sorte que les dits 
hydrocarbures puissent §tre additionn^ d'au motns 
Tun des addltifs comprenant de la vapeur d'eau, de 
I'air et de i'eau, puis reform^s au contact du cataly- is 
seur de reformage ^ environ 300 k 800 ""C afin de 
g6n6rer H2. 

8. Dispositif selon ta revendication 1, dans lequei le 
moteur (100) est un moteur k hydrog^e, et le 20 
g6n6rateur d'H2(102) comprend un r^ervoir^com- 
bustible H2 pour le moteur. 

9. Dispositif selon la revendication 1 . comprenant de 
plus 25 

une sonde k NOx (6) pour d6tecter la concen- 
tration de NOx clans les gaz d'^appement et 
engendrer un signal de sortie ; 

un capteurd'aird'admission (5) pourd6tecter 
le flux volumique de I'air d'admlsslon et engendrer 30 
un signal de sortie ; 

un r^gulateur (7) qui determine la quantity de 
NOx contenu dans les gaz d6chappement prove- 
nant du moteur, en se basant sur les signaux de sor- 
tie de la sonde k NOx ^ clu capteur d'air d'admisslon, 35 
et qui determine la quantity d'H2 requise pour 
r^duire la quantity d^ermin^e de NOx. 

10. Dispositif selon la revendication 1, comprenant de 
plus 40 

des capteurs de detection des conditions de 
fbnctionnement du moteur et g6n6rant des signaux 
de sortie, les capteurs de detection des conditions 
de fonctionnement du moteur comprenant un cap- 
teur de Vitesse de rotation du nx3teur et un capteur 4S 
de charge du moteur ; 

un r^gulateur qui determine la quantity de 
NOx contenu dans les gaz d'§chappement prove- 
nant du moteur, en se basant sur les signaux de sor- 
tie des capteurs de d^ection des conditions de so 
fonctionnement du moteur et qui determine la quan- 
tity d'H2 requise pour r^uire la quantity d6termin6e 
de NOx. 

11. Dispositif selon la revendication 1, comprenant de ss 
plus 

un dispositif d'oxydation (9) plac6 dans le 
conduit d'^chappement en amont du catalyseur de 
reduction de remission de NOx • POur oxyder les HC 



et le CO contenus dans les gaz d'^chappement 
provenant du moteur, et dans lequei le moteur com- 
porte un collecteur d'^happement possMant une 
sortie, le g^n^rateur d'Ha (11) 6tant dispose k la sor- 
tie du collecteur d'§chappement, et le catalyseur de 
r^uction de remission de NOx (^^) ^^"^ P'^^^ 
le pot d'^happement ou dans un partie du conduit 
d'^happement situ^e en aval du pot d'Miappe- 
ment(13). 

12. Dispositif selon la revendication 1. comprenant de 
plus un dispositif d'oxydation (9) pour oxyder les HC 
et le CO contenus dans les gaz d'^chappement 
provenant du moteur. et dans lequei Ie catalyseur de 
reduction de l'6mission de NOx C^^) cataly- 
seur de type au Pt qui conprend du platine d6pos6 
sur un substrat porteur consistent en une z^olithe. 

13. Dispositif selon la revendication 12, dans lequei le 
. catalyseur de type au FX du catalyseur de r^uction 

de remission de NOx ^ lo9^ clans le pot 
tftehappement (80) afin de constituer un ensemble 
' en un seul ^l^ment du catalyseur de r^uction de 
NOx pot d'6chappement. 

14. Dispositif selon la revendication 1. dans lequei le 
falsceau interne du g^n^rateur d'H2 (102) est con- 
struit en forme de serpentin (1 14). et dans lequei le 
g^n^rateur d'H2 (102) comprend de plus une vanne 
dlinjection 6lectromagn6tique (1 15) pour injecter du 
methanol dans I'une de ses extr6mit6s. 

15. Dispositif selon la revendication 1. dans tequel le 
catalyseur de reduction de remission de NOx (2) 
comprend un catalyseur de type k granules (61). 

16. Dispositif sefon la revendication 1. dans lequei le 
catalyseur de reduction de r^isston de NOx (2) 
comprend un catalyseur de type monolithique (62), 
et dans lequei le m^langeur (10, 69) comprend une 
buse d'injection (63) connect^e au g6n6rateur d'H2 
et poss6dant une plurality de trous d'injection ori- 
ent's radialement (64) pour injecter rH2 k travers 
ces derniers. 

17. Dispositif selon la revendication 16. dans lequei la 
buse dinjection (63) a un dlam^e ext'rieur ^al k 
ou plus grand que 20 % du diam^tre int'rieur du con- 
duit d*6chappement (65). le conduit d'^chappement 
^ant agrandl en diam^tre au niveau d'une partie 
dans laquelle laquelle la buse d'injection est dis- 
pos6e, la buse d'injection (63) ^ant s'par'e du cat- 
alyseur de reduction de remission de NOx (^) d'une 
distance 'gale k au moins deux fois le diam'tre 
int'rieur du conduit d'6chappement (65) et 
n'exc^dant pas plus de dix fois le diam'tre int'rieur 
du conduit d*6chappement (65). 
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18. Dispositif selon la revendication 1, dans lequel le 
cataiyseur de ruction de remission de NOx (2) 
comprend un cataiyseur de type monolithique (62), 
et dans lequel le m^langeur (10) comprend une 
buse d'injection (66) caract6ris6 par un premier 5 
diam^tre, et un cylindre (68). coaxial avec, et placd 

en aval de la buse d'injection (66). le cylindre (68) 
ayant un second diam^re plus grand que le premier 
diam^tre et poss6dant une plurality d'ouvertures 
d'injection (67) pratiqu^es dans la parol du cylindre. 10 

19. Dispositif selon la revendication 18, dans lequel le 
rapport du second diam^tre au premier diam^e se 
situe dans rintervaile de 1 ,7 ^ 3. 

15 

20. Dispositif selon la revendication 19, dans lequel le 
rapport du second diam^re au premier dlam^e 
vaut substantiellement 2. 

21 . Dispositif selon la revendication 1 3. comprenant de 20 
plus une plaque m^langeuse (84) dispos^e dans le 
pot d'^appement (80) et en amont du cataiyseur 

de r^uction de remission de NOx (82), la plaque 
m^langeuse (84) comprenant une plaque compor- 
tant des ouvertures (&Si de diff6rentes tallies. 2s 

22. Dispositif selon la revendication 13, dans lequel le 
moyen de fourniture de rH2 g6n6r6 comprend un 
tuyau m^langeur (86) plac6 dans le pot d'^chappe- 
ment et connects au conduit d'6chappement, le so 
tuyau m^langeur (86) po8s6dant des ouvertures 

(85) pratiqu^es dans la parol du tuyau m6langeur 

(86) , le g6n6rateur d'H2 injectant rH2 g6n6r6 dans 
le tuyau m6langeur (86). 

35 

23. Dispositif selon la revendication 12, dans lequel le 
dispositif d'oxydation est I'un quelconque d*un brO- 
leur de post combustion, un r6acteur. un cataiyseur 
d trois voles, et un cataiyseur d'oxydation. 
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@ Nitrogen oxides decreasing apparatus for an internal combustion engine. 



@ A lean NOx reduction catalyst (2) capable of 
reducing NOx through reaction of IH2 with NOx 
at low temperatures below 350''C is installed in a 
downstream portion of an exhaust pipe (101) of 
an internal combustion engine (1(X)) in or near a 
muffler (3). Such an NOx reduction catalyst (2) 
comprises, for example. Pt/zeolite catalyst An 
1^2 generator (102) is Installed so as to supply 
the IH2 to an inlet side of the NOx reduction 
catalyst (2). The H2 generator (102) may include 
a refonning catalyst (1) for refomriing methanol, 
LPG, or natural gas to generate H2. The gener- 
ated H2 flows to the NOx reduction catalyst (2) 
where it reacts with NOx to purify the exhaust 
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The present invention relates to a nitrogen oxides 
(NOx) decreasing apparatus for an Internal combus- 
tion engine. More specifically, the present invention 
relates to an exhaust gas purification system with a 
lean NOx catalyst capable of reducing NOx Included 5 
In exhaust gas from an internal combustion engine, 
such as a so-called lean burn gasoline engine, a die- 
sel engine, or a hydrogen engine, independently of a 
concentration of oxygen (O2) included in exhaust gas, 
that is, independently of an operating air-fuel ratio. 10 

As a method for decreasing NOx included in ex- 
haust gas from an internal combustion engine, the fol- 
lowing three methods are known: 

(1) to decrease NOx by using a three-way cata- 
lyst, 15 

(2) to decrease NOx by using combustion at ex- 
cessively lean air-fuel ratios, and 

(3) to decrease NOx by using a lean NOx catalyst 
(as disclosed in Japanese Patent Publication HE! 
1-139145). However, there are the following 20 
problems with these methods. 

With method (1), the ratio of air to tuei supplied 
to an engine must be controlled to about 14.5, namely, 
the stoichiometric air-fuel ratio. If the air-fuel ratio is 
leaner t han t he stoichiometric air-fuel ratio, NOx can- 2S 
not be decreased by the three-way catalyst Contrar- 
ily, it is well known that to obtain good fuel economy, 
an engine should be operated at air-fuel ratios leaner 
than the stoichiometric air-fuel ratio, as shown in FIG. 
2. Thus, NOx decrease and fuel economy are Inconv 30 
patible In method (1). 

Method (2) seeks to combine NOx decrease with 
fuel economy by using a so-called lean burn engine. 
However, when the engine is operated at air-fuel ra- 
tios lean enough to decrease NOx, the combustion 35 
approaches a misfire limit, and driveability gets 
worse. To prevent this, an improvement has been pro- 
posed, wherein turbulences are generated within an 
engine cylinder so that the burning velocity is in- 
creased to thereby shift the misfire limit to the lean 40 
side. However, if the turbulences are excessive and 
the flow velocity becomes too high, formation of a 
flame core and propagation of the flame in an early 
period of combustion will be obstructed. Thus, there 
is a limit to this method. Also, another improvement 45 
has been proposed, wherein the air-fuel ratio distrib- 
utk>n within an engine cylinder is controlled so that 
rich air-fuel mixtures are formed only in a region close 
to the ignition plug to produce easy ignition. However, 
as illustrated in FIG. 3, when the misfire limit is shifted so 
to the lean side, the negative slope of the NOx con- 
centration curve also is decreased. Thus, not much 
effect on NOx concentration can be expected. 

Method (3) is intended to soh^e the above- 
described problems of item (2), more particularly, to 55 
operate an engine at air-fuel ratios slightly closer to 
the stoichiometric air-fuel ratio than the misfire limit 
and then to purify the insufficiently decreased NOx 



by using a zeolite-type lean NOx catalyst. This meth- 
od has the potential to provide a clean system that 
also has good fuel economy. However, since the lean 
NOx catalyst can operate only under oxidizing ex- 
haust gas conditions and is usually exposed to high 
temperatures, it is difficult to obtain both a sufficiently 
high NOx conversion by the lean NOx catalyst and 
durability of the catalyst 

As wOl be understood from the above, problems 
of practical use exist with any conventional NOx de- 
creasing method. 

Lean burn gasoline engines as well as diesel en- 
gines include excess O2 in the exhaust gas, that is, 
they are operated under oxidizing gas conditions. The 
leaner the air-fuel ratio, the greater is the concentra- 
tion of O2 included in the exhaust gas. A catalyst 
which reduces NOx under oxidizing gas conditions is 
defined as a lean NOx catalyst, which is usually com- 
posed of a noble metal-type catalyst or a zeolite-type 
catalyst. The lean NOx catalyst has an NOx conver- 
sion versus temperature characteristic as shown in 
FIG. 4. At temperatures above 350°C, mainly reduc- 
tion of NOx by HO occurs, while at low temperatures 
below 250 - 350^0, reduction of NOx by hydrogen (H2) 
occurs, wherein NOx purification by H2 is possible. 

However, since the lean NOx catalyst is usually 
installed in or near an engine exhaust manifdd in a 
conventional exhaust system, the temperature to 
which the catalyst is exposed is as high as 800 - 
900''C. Further, since the lean burn engine is operat- 
ed at above stoichiometric air-fuel ratios, almost no H2 
remains in the exhaust gas. Therefore, the NOx re- 
duction characteristic of a lean NOx catalyst at low 
temperatures below 250 - 350^0 has not been used 
in a conventional lean burn gasoline engine or diesel 
engine. 

An object of the invention is to provkJe an NOx de- 
creasing apparatus for an internal combustion engine 
(a lean burn gasoline engine, a diesel engine, or a hy- 
drogen engine), which can effectively reduce NOx in- 
cluded in exhaust gas even under oxidizing gas con- 
ditions, independently of a concentration of O2 includ- 
ed in the exhaust gas, without deteriorating a tiiel 
economy characteristic of the engine. 

To achieve the above-described object of the in- 
vention, in an NOx decrease apparatus for an internal 
combustion engine in accordance with the present in- 
vention, an NOx reduction catalyst for causing NOx 
and H2 to react with each other to reduce NOx is in- 
stalled in an exhaust conduit of the engine in or near 
a muffler. A reforming catalyst for reforming methanol 
or hydrocarbon fuel such as LPG and natural gas to 
generate H2 is installed so that the generated H2 is 
supplied to an inlet side of the lean NOx catalyst, 
whereby the lean NOx catalyst reduces NOx at low 
temperatures in or near the muffler. 

In the apparatus of the invention, methanol or hy- 
drocarbons are led to the the reforming catalyst. 
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where the methanol or hydrocarbons are reformed to 
generate H2. The generated H2 is supplied into the ex- 
haust conduit of the engine at t he inlet side of the NOx 
reductbn catalyst and is mixed with NOx-containing 
exhaust gas from the engine. The NOx reduction cat- 5 
alyst causes H2 and NOx to react with each other at 
low temperatures to reduce NOx. Since NOx is re- 
duced through reaction with H2 independently of a 
concentration of O2 included In exhaust gas, the air- 
fuel ratio can be freely determined from the viewpoint 10 
of good combustion and fuel economy without having 
to achieve minimum generation of NOx. As a result, 
a high fuel economy and good driveability can be 
maintained. 

The above-described object and other objects, is 
features, and advantages of the present invention will 
become more apparent and will be more readily ap- 
preciated from the following detailed description of 
the preferred embodiments of the invention taken In 
conjunction with the accompanying drawings, in 20 
which: 

FIG. 1 is a schematic system diagram illustrating 
a basic arrangement of an NOx decreasing appa- 
ratus for an internal combustion engine in accor- 
dance with the present Invention; 25 
FIG. 2 is a graphical representation of a specific 
fuel consumption versus air-fuel ratio character- 
istic; 

FIG. 3 is a graphical representation of an NOx 
and specific fuel consumption versus air-fuel ra- 30 
tio characteristic; 

FIG. 4 Is a graphical representation of an NOx 
conversion versus inlet gas temperature charao- 

teristic; 

FIG. 5 is a graphical representation of an NOx 35 
conversion versus ratio of amount of supplied H2 
to amount of NOx characteristic; 
FIG. 6 is a schematic system diagram of an ap- 
paratus in accordance with a first embodiment of 
the invention; 40 
FIG. 7 is an enlarged cross-sectional view of an 
H2 generator of the apparatus of FIG. 6; 
FIG. 8 is a still further enlarged cross-sectional 
view of an inlet end portion of the H2 generator of 
FIG. 7; 45 
FIG. 9 is a schematic system diagram of an ap- 
paratus in accordance with a second embodi- 
ment of the invention; 

FIG. 10 is an enlarged side view of one embodi- 
ment of an H2 mixer and NOx reduction catalytic 50 
converter according to the invention; 
FIG. 11 is a graphical representation comparing 
NOx converting characteristics of a pellet-type 
catalyst and a monolithic catalyst used in the 
NOx reduction catalytic converter of FIG. 10; 55 
FIG. 12 is a partial cross-sectional view of a pet- 
let-type catalyst for use in the NOx reduction cat- 
alytic converter of FIG. 10; 



FIG. 13 Is a partial cross-sectional view of a 
monolithic catalyst for use in the NOx reduction 
catalyst container of FIG. 10; 
FIG. 14 is a further englarged cross-sectional 
view of an H2 mixer for use in the apparatus of 
FIG. 10; 

FIG. 15 is a cross-sectional view of the mbcer tak- 
en along line 15-15 of FIG. 14; 
FIG. 16 Is a schematic cross-section illustrating 
a dimensional relationship between a diameter d 
of an H2 injection nozzle and a diameter D of an 
exhaust conduit in the apparatus of FIG. 14; 
FIG. 1 7 is a cross-sectional view of another mixer 
for use in the apparatus of FIG. 10; 
FIG. 18 is is a cross-sectional view of the mixer 
taken along line 18-18 of FIG. 17; 
FIG. 19 is a graphical representation of an NOx 
conversion veraus inlet gas temperature charac- 
teristic of an apparatus in accordance with a 
fourth embodiment of the inventton; 
FIG. 20 is an enlarged partial cross-sectional 
view of another embodiment of an H2 mbcer and 
NOx reduction catalytic converter according to 
the invention; 

FIG. 21 is a cross-sectional view of the apparatus 
ofthe embodiment of FIG. 20 taken along line 21- 
21; and 

FIG. 22 is a partial cross-sectional view of still an- 
other embodiment of an H2 mixer and NOx reduc- 
tion catalytic converter according to the inven- 
tion. 

With reference to FIG. 1, in an NOx decreasing 
apparatus for an internal combustion engine in accor- 
dance with the present Invention, an H2 generator 
1 02 for generating H2 and supplying the generated H2 
to an exhaust conduit 101 of an engine 100 Includes 
a reforming catalytic converter 102 containing a re- 
forming catalyst 1 . Thr type of reforming catalyst 1 is 
selected according to the kind of fuel used in the en- 
gine. 

More particularly, in an engine using methanol as 
fuel, the following three types of reforming catalysts 
can be used: 

(1) At least one metal selected from the group 
consisting of noble metals such as palladium (Pd) 
and platinum (Pt), and transition metals such as 
copper (Cu), chrome (Cr), and nickel (Ni), is used 
as catalyst metal of the reforming catalyst. Me- 
thanol is evaporated by heat of the exhaust gas 
and is reformed at the reforming catalyst to gen- 
erate H2. The temperature of an inlet portion of 
the reforming catalyst is maintained at about 
SOO^'C. The reactton at the reforming catalyst is 
as follows: 

CH3OH CO + 2 H2 

(2) A Cu-Ni-Cr/alumina catalyst (Cu-Ni-Cr is de- 
posited onto a carrier of alumina) is used as the 
reforming catalyst. Methanol fuel is evaporated 
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and is mixed with air. The mixture is led to the re- 
forming catalyst where the methanoi is partially- 
oxidized to generate H2. The catalyst temperature 
is maintained at 400 - SOOX by controlling the 
amount of air supplied tothe methanol. The reac- 
tion at the reforming catalyst is as follows: 

CH3OH + Air H2 + CO + H2O 
(3) Cu-Mn or Cu-Zn is used as the reforming cat- 
alyst Water vapor, air. or mixture of met hanol and 
water is added to methanol fuel to reform the fuel 
to generate H2. The catalyst temperature is con- 
trolled to at)out 250°C. The reaction at the re- 
forming catalyst is as follows: 

CH30H + H20->3H2 + C02 
Further, in an engine using hydrocarbons (HC) 
such as LPG (liquefied petroleum gas) and natural 
gas as fuel, at least one kind of metal selected from 
the group consisting of Ni, Co (cobalt), and Rh (rho- 
dium) Is used as the reforming catalyst. The fuel is re- 
formed at 300 - 800°C. Water vapor, air, or water from 
a water tank is added to the HC fuel to reform the HC 
fuel and to generate H2. The catalyst is maintained at 
a respective temperature according to the kind of cat- 
alyst used. Usually, methane is generated at low tem- 
peratures and CO (carbon monoxide) is generated at 
high temperatures. The reactions at the reforming 
catalyst are as follows: 



HC + H20->H2 + CH4 + C02 


300-500«C 


HC + H20-^H2 + CO + C02 


800X 


HC + Air^Ha + CO 


800»C 


HC + EGR gas ^ H2 + CO 


700'C 



In the NOx decreasing apparatus for an internal 
combustion engine in accordance with the invention, 
an NOx sensor 6 is installed in the exhaust conduit 
101 connected to the internal combustion engine 100 
to detect an NOx concentration of the exhaust gas, 
and an intake air sensor 5 is installed in an intake con- 
duit 108 to detect a total amount of gas. In a controller 
7 (electronic control unit), an amount of NOx is calcu- 
lated from the output of the NOx sensor 6 and the out- 
put of the intake air flow sensor 5, and the amount of 
H2 to be supplied to purify the calculated amount of 
NOx is determined. The amount of exhaust gas sup- 
plied to the reforming catalytic converter or the 
amounts of air and fiiel supplied to the reforming cat- 
alytic converter to partially oxidize the fuel may be 
controlled in accordance with the determined amount 
of required H2. 

Alternatively, the amount of NOx in the exhaust 
gas may be predicted frin the outputs of the usual 
sensors for detecting the engine operating conditions 
such as an engine speed sensor, an intake pressure 
detecting sensor, and a throttle valve opening degree 



detecting sensor or a fuel injection detecting sensor 
of a fuel pump. The amount of fuel supplied to the re- 
forming catalytic converter may be controlled corre- 
sponding to the predicted NOx amount 

5 Furthermore, In the NOx decreasing apparatus 

of the invention, a mbcer may be installed to evenly 
mix the supplied H2 with exhaust gas, and a muffler 
may be constructed integrally with the NOx reduction 
catalyst to make a compact assembly of the muffler 

10 and the NOx reduction catalytic converter. 

In more detail, a basic system of the NOx de- 
creasing apparatus for an internal combustion engine 
in accordance with the present invention is illustrated 
in FIG. 1. A first feature of the invention is that NOx 

15 reduction by H2 is performed at all air-fuel ratios at 
low temperatures. A second feature of the invention 
is that a reforming device to reform fuel to generate 
H2 is included in the system. A third feature of the in- 
ventbn is that the H2 generation is controlled accord- 

20 ing to the amount of NOx included in the exhaust gas, 
that is, according to the engine operating conditions, 
so that the H2 is supplied to a NOx reductk>n catalyst 
in the proper molar amount 

As illustrated in FIG. 1, the NOx reduction cata- 

25 lyst 2 is disposed at a downstream part of the exhaust 
conduit 101 in or near a muffler 3. If the NOx reduc- 
tion catalyst were disposed upstream at a high tenv 
perature position, H2 would react with O2 and the se- 
lective reaction of H2 with NOx would not occur. 

30 . : A conduit 103 branches from a fuel conduit 104 
connected to a fuel tank 1 05 and connects via a flow 
control valve 106 to the reforming catalytic converter 
1 02 containing the reforming catalyst 1 . An H2 conduit 
1 07 connects the reforming catalytic converter to the 

35 exhaust conduit upstream of the NOx reduction cat- 
alyst 2 so that the generated H2 is supplied to an inlet 
side of the NOx reduction catalyst 2. In order to supply 
H2 in molar proportion to the amount of NOx, the in- 
take air sensor 5 is installed in the intake conduit 108 

40 of the engine 100 and the NOx sensor 6 is installed 
in the exhaust conduit 1 01 of the engine to detect the 
concentration of NOx included in the exhaust gas. 
The amount of NOx included in the exhaust gas is cal- 
culated by the controller 7 based on the outputs of the 

45 sensors 5 and 6, and the amount of H2 required to pur- 
ify that anrK)unt of NOx Is calculated by the controller 
7. 

To cause the H2 generator to generate H2 by the 
amount calculated, the amount of fuel to be supplied 

50 to the reforming catalytic converter, the amount of ex- 
haust gas to heat the reforming catalytic converter, 
and the amount of air to be supplied to the reforming 
catalytic converter in the case where fuel is partially 
oxidized are controlled. In this connection, the 

55 anrtount of exhaust gas to heat the reforming catalytic 
converter is controlled by an exhaust bypass valve 
110 installed in a bypass conduit 111. The air flow to 
the reforming catalytic converter is controlled by an 
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air control valve 109. 

FIG. 5 shows curves of NOx conversion versus 
ratio of H2 to NOx. When H2 is supplied at the ratio 
that H2 ; NOx = 2 ; 1 , all NOx will be reduced as shown 
by the theoretical line in FIG. 5, if the NOx and the 
supplied H2 react completely with each other. How- 
ever, since NOx and H2 will not react completely with 
each other, the actual conversion will be as shown by 
the experimental curve in FIG. 5. At HJHOx ratio less 
than 2.0, the experimental curve is positioned to the 
left of the theoretical line. This is because water va- 
por included in the exhaust gas is transformed into H2 
on the noble metal-type catalyst. Thus, more H2 than 
the amount supplied from the fefbrming catalytic con- 
verter is available to react with the NOx. 

In one embodiment of the invention, a mixer for 
mixing the supplied H2 with exhaust gas may be in- 
stalled on an inlet side of the NOx reduction catalyst. 
In another embodiment of the Invention, the reform- 
ing catalytic converter is installed downstream of an 
oxidation catalyst disposed at an outlet of an exhaust 
manifold of the engine, and the NOx reduction cata- 
lyst is installed In or downstream of the muff ler so that 
the catalysts are maintained at respective optimum 
temperatures. 

In yet another embodiment of the invention, an 
HO oxidation device for oxidizing HC and CO, such as 
an oxidation catalyst, a three-way catalyst, and an ex- 
haust reactor is installed in a portion of the exhaust 
conduit close to the exhaust manifold, and Pt-zeoltte 
catalyst (where Pt is deposited on zeolite) is used as 
the lean NOx catalyst Further, the NOx reduction 
catalytic converter and the exhaust muffler are inte- 
grally constructed into a single assembly In which the 
NOx reduction catalyst Is provided with a muffler 
function. 

Further, in a diesel engine, a soot trapper or an 

unburned HC oxidizing device may be provided up- 
stream of the NOx reduction catalyst. Furthermore, 
the present invention may be applied not only to a 
lean burn gasoline engine and a diesel engine but 
also to a hydrogen engine where hydrogen gas is 
used as fuel. In the case of a hydrogen engine, an H2 
generator is not required and a portion of the H2 fuel 
can be supplied to an inlet side of the NOx reduction 
catalyst. 

These embodiments of the invention will be ex- 
plained in more detail below. 

FIG. 6 illustrates a first embodiment of the Inven- 
tion where the system of the invention is applied to a 
lean burn gasoline engine 112 with an engine dis- 
placement of 1 liter. The engine 112 of the first em- 
bodiment is operated at excess air ratios of 0.95 - 1 .0 
(slightly rich or just a stoichiometric air-fuel ratio) in an 
idling condition, at excess air ratios of 0.8 - 1.0 (rich) 
in a full load condition and a rapid acceleration con- 
dition, and at excess air ratios of 1.2 - 1.8 in the re- 
maining engine operating conditions. An oxidation 



catalyst 9 is installed in an exhaust conduit 113 near 
an outlet of an exhaust manifold 8 to oxidize un- 
burned products such as HC and CO. Further, an 
NOx reduction catalyst 12 is disposed in the exhaust 

5 conduit downstream of a muffler 1 3. A mixer 1 0 Is pro- 
vided on the inlet side of the reduction catalyst 12 to 
evenly mix H2 with exhaust gas. 

An H2 generator 11 (shown in enlarged detail in 
FIG. 7) includes an inner core in the form of a coiled 

10 tube 114 inserted in the exhaust conduit. At an inlet 
end 114a of the Inner core, an electromagneticfuel in- 
jection valve 115 is provided for injecting methanol 
fuel into the inner core. An outlet end 114b of the inner 
core leads to the mixer 10 through a conduit 116. As 

15 shown in FIG. 8, a porous ceramic member 117 for 
evaporating the methanol is located at the inlet of the 
inner core, and a reforming catalyst 14 in the form of 
pellets fills the inner core downstream of the metha- 
nol evaporating ceramic member. If the reforming cat- 

20 alyst is in monolithic form, the Inner core is changed 
from a coll to a straight tube. Pd is used for the refornrv 
ing catalyst. 

In FIG. 6, an intake air sensor 1 5 is installed in the 
intake conduit 1 1 8 to detect t he amount of air supplied 

25 to the engine 112, and an NOx sensor 16 Is installed 
. in the exhaust conduit ofthe engine to detect the NOx 
concentration ofthe exhaust gas. In the one-liter en- 
gine example of FIG. 6, since the moles of H2 required 
are equal to the moles of NOx, 0.3 l/min of H2 is nec- 

30 . essary at a vehicle speed of 50 Km/h and 1 .0 l/min of 
H2 is necessary when the engine is operated at the 
■ maximum output. The H2 is produced by reforming a 
* portion of the fuel. The portion of fuel consumed to 
produce the required H2 Is equal to or less than 1-2% 

35 of the fuel required to drive a vehicle. As an amount 
of 15 - 20% of fuel is saved by using a lean burn en- 
gine, the amount of 1 - 2% is negligible compared with 
the amount of 15 - 20%. Thus, the fuel economy of 
the lean burn engine is not degraded by adding an H2 

40 generator. In this connection, the amount of methanol 
required to generate the H2 is about 0.15 l/mln at a ve- 
hicle speed of 50 Km/h. 

In the first embodiment of the invention, since 
only a small amount of fuel is reformed by the H2 gen- 

45 erator 11 and NOx is reduced through reaction with 
the generated H2 at the NOx reduction catalyst 12 at 
low temperatures, the amount of NOx can be de- 
creased independently of the excess air ratio of the 
engine 112. CO, which may be produced together 

so with H2, can be transformed by the following reaction: 
CO + H2O ^ H2 + CO2 
Further, CO can be separated from H2 by a Pd menrv 
brane, and H2 of high purity can be supplied into the 
inlet side ofthe NOx reduction catalyst 12. However, 

55 since the amount of produced CO is very small, CO 
acts as a reduction material in the NOx reduction cat- 
alyst 12. Thus, there is no fear that CO is exhausted 
to atmosphere. 
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FIG. 9 illustrates a second embodiment of the in- 
vention which comprises a natural gas engine 119 
equipped with an H2 generator 120 and used for an 
air conditioner or a power generator. Unlike a vehicle 
engine, such an engine is operated at a constant en- 
gine speed and a constant engine load. Therefore. It 
is easy to maintain constant temperatures of the re- 
forming catalyst of the H2 generator 120 and the NOx 
reduction catalyst 13. Since the structures of the ap- 
paratus of the second embodiment are substantially 
the same as those of the first embodiment descrip- 
tions of them will be omitted. 

The fuel supplied to the H2 generator 120 is natu- 
ral gas. The amount of natural gas and the amount of 
air are controlled by respective control valves 121 and 
122, which are controlled in response to the same 
sensor outputs in substantially the same manner as 
In the first embodiment. 

FIG. 10 Illustrates an embodiment of an H2 mixer 
and NOx reduction catalyst container according to the 
invention. NOx reduction characteristics are greatly 
affected by the H2 supply conditions and structures. 
In FIG. 10, the engine exhaust gas including NOx and 
O2 flows through an exhaust conduit 65 to an NOx re- 
duction catalytic converter 60, and H2 is supplied to 
an H2 mixer 69 located on the inlet side of the NOx 
reduction catalytic converter 60. 

The NOx conversion characteristicsfprtwo types 
of catalyst structures are shown in FIG. 11 , where the 
abscissa measures a ratio of the amount of supplied 
H2 to the amount of NOx, and the ordinate measures 
an NOx conversion or NOx purification rate. In a case 
where a catalyst In the form of pellets 61, as shown 
in FIG. 12, fill the NOx reduction catalytic converter 
60 of FIG. 1 0, the NOx reduction catalyst produces a 
high NOx conversion, as shown in FIG. 11. In a case 
where a monolithic catalyst 62. as shown In FIG. 13, 
fills the catalytic converter of FIG. 10, FIG. 11 shows 
that the NOx conversion of the NOx reduction cata- 
lyst decreases, even If the amount of supplied H2 Is 
the same. 

This is because, in the case of the catalyst In the 
form of pellets, H2 and NOx are well mixed with each 
other when they flow through the labyrinthine clear- 
ances between the pellets. In contrast, in the case of 
the monolithic catalyst, since the monolithic catalyst 
has numerous parallel passages which are indepen- 
dent of each other, an uneven distribution of H2 at the 
Inlet of the catalyst is maintained up to the outlet of 
the catalyst. Thus, the utilization rate of H2 of the 
monolithic catalyst Is inferior to that of the pellet-type 
catalyst. 

From the operational viewpoint of an engine ex- 
haust system, however, the pellets of catalyst are apt 
to cause abrasion due to vibration and to get smaller 
in size. They also tend to cause a large flow friction 
toss due to the labyrinth passages and thus to raise 
the engine back pressure and to degrade the power 



characteristic of the engine. Therefore, it Is desirable 
to use a monolithic catalyst for the NOx reduction cat- 
alyst. 

If a monolithic catalyst Is used in the NOx reduc- 

5 tion catalytic converter, then a mixer 69 for evenly 
mixing H2 with NOx is necessary. FIGS. 14 and 15 il- 
lustrate a mixer 69 comprising an H2 injection nozzle 
63. The H2 injection nozzle 63 is a pipe bent in the 
form of a letter Land has a plurality of radially directed 

10 injection holes 64. The number of injectton holes 64 
Is preferably four to six in each of at least one plane 
perpendicular to the axis of the pipe (six holes in each 
of two mutually perpendicular planes are provided in 
the embodiment of FIGS. 14 and 1 5). 

15 A ratk) of an outside diameter d of the injection 
nozzle 63 to an inside diameter D of the exhaust con- 
duit (exhaust pipe) 65 should be equal to or greater 
than 0.2 (20%). When the diameter d is increased rel- 
ative to D, the flow resistance will be large, so that a 

20 portion of the exhaust pipe 65 may be enlarged in 
cross section, as shown in FIG. 16. A distance L (see 
FIG. 10) between the injection nozzle 63 and the NOx 
reductton catalyst 60 should be equal to or greater 
than twice the outside diameter D of a portion of the 

25 . ' exhaust conduit not enlarged In cross section. In- 
^creasing L beyond ten times D, however, produces lit- 
tle additional effect in even mixing of H2 with NOx. 

An alternative embodiment of the H2 mbcer 69' is 
shown in FIGS. 17 and 18. In this embodiment, the 

30 mbcer includes an HC injection nozzle 66 of a small di- 
ameter and a cylinder 68 having a diameter greater 
than that of the HC injection nozzle. The cylinder 68 
has an open upstream end and an end plate at the 
downstream. A plurality of apertures 67 are formed In 

35 the wall of the cylinder 68. The H2 injected from the 
HC Injection nozzle 66 mixes with a portion of the ex- 
haust gas which enters the cylinder 68. The mixture 
of the H2 and the exhaust gas flows through the aper- 
tures of the cylinder 68 and mixes with the remaining 

40 portion of the exhaust gas flowing outside the cylin- 
der 68. Mixing H2 with the exhaust gas in two steps 
produces a uniform mixture. 

The mixing degree of H2 with exhaust gas is af- 
fected by the relative diameters of the nozzle 66 and 

45 the cylinder 68. Preferably, a ratio of the inside dianv 
eter D of the cylinder 68 to the outside diameter d of 
the injection nozzle 66 is In the range of 1.7 - 3, and 
most preferably 2, from the viewpoint of mixing. 
Since the H2 mixing apparatus of the embodi- 

50 mentofFIGS. 17 and 18 having the above-defined ra- 
tio of D/d has a good mixing characteristic, the NOx 
reductk>n catalyst shows a high NOx conversion even 
if the NOx reduction catalytic converter has a mono- 
lithic catalyst Since the required amount of H2 can be 

55 reduced by 30 - 60% at the same NOx conversion rate 
when the mixer is provided, the amount of fuel re- 
quired to generate H2 can be decreased so that re- 
ductbn in fuel economy Is minimized when using a 
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monolithic NOx reduction catalyst 

For example, the effect of the mixer was evalu- 
ated using a lean burn gasoline engine of 1.6 liters. 
In the tests, the engine speed was 2000 rpm, the tor- 
que was 40 Nm, and the NOx exhaust amount was 5 
0.44 l/mln. Without an H2 mixer, the H2 amount re- 
quired to purify the NOx was 0.661 min, and the 
amount of fuel (methanol) to generate the H2 was 
0.33 1/min. 

When the mixer of FIGS 1 7 and 1 8 with the ratio 10 
D/d of 2 was used, the amount of H2 was 0.44 l/min, 
and the amount of fuel to generate the H2 was 0.22 
l/min. Therefore, the amount of 0.11 l/min of fuel could 
be saved as compared with the above-described 
case having no mixer. is 

FIGS. 20 and 21 illustrate another embodiment of 
an H2 mixer and NOx catalytic converter wherein a 
lean NOx catalyst 82 is disposed in a muffler 80. 
When the NOx reduction catalyst is disposed in or 
near a muffler, where the exhaust gas temperature is 20 
low, the reaction rate of H2 with NOx is not high. So, 
the NOx reduction catalyst should be used at SV val- 
ues (a ratio of the volume of exhaust gas passing 
through the catalyst to the volume of the catalyst) of 
10,000 - 60,000, which are smaller than the SV val- 25 
ues of 50,000 - 100,000 of the conventional catalyst 
disposed near the exhaust manifold. This means that 
the required volume of the NOx reduction catalyst be- 
comes greater than that of the conventional catalyst 
disposed near the exhaust manifold. 30 

To make installation of the NOx reduction catalyst 
easy, the NOx reduction catalyst 82 and the muffler 
80 are integrated as a single assembly 83 in the env 
bodiment of FIGS. 20 and 21, wherein the lean NOx 
catalyst 82 is disposed in the exhaust muffler 80 so 35 
that the assembly 83 of the NOx reduction catalyst 
(Pt-zedlte catalyst) and the exhaust muffler is made 
compact. 

Exhaust gas mixed with H2 flows to the integral 
assembly 83 of the catalyst and muffler. The exhaust 40 
gas mixed with H2 collides with a mixing plate 84 
which has many apertures 85 of different sizes. When 
the exhaust gas mixed with H2 flows through the 
apertures 85, the exhaust gas and H2 mix well with 
each other. Then the mbced gas flows to the mono- 45 
lit hie catalyst 82. Since no aperture is provided at a 
center portion of the mixing plate 84, the exhaust gas 
will not concentrate in a central portion of the mono- 
lithic catalyst 82. Since the sizes of the apertures 85 
are different from each other, the speeds of portions so 
of gas passing through the apertures are different so 
that the portions of gas are agitated and the sound 
Is muffled due to interference between portions of the 
gas. 

Since the muffler is usually disposed at a tale - 55 
pipe of the exhaust conduit and the exhaust gas has 
been cooled before flowing to the muffler, the tem- 
perature of the gas entering the muffler is about 150 



- 200'*C at the maximum, and about 100 - 150**C In 
normal operations. 

In the cases of the conventional three-way cata- 
lyst and the conventional Cu/zeolite-type lean NOx 
catalyst reducing NOx in the presence of HO, since 
these catalysts can show activity only in a tempera- 
ture range above 300 - 400'='C, they are not allowed 
to be disposed in a tailpipe muffler. As discussed 
above, however, when NOx reduction is effected by 
H2 instead of by HC, NOx purification at low temper- 
atures IS possible. However, even in those cases, the 
temperature is in the range of 150 - 300°C and is 
slightly higher than the inlet temperature of the ex- 
haust muffler. 

It was experimentally investigated from the view- 
point of catalyst activity what kinds of catalysts should 
be used. From the experiments, it was found that Pd 
and Rh showed no activity. Cu showed a low activity, 
and Ft showed a high activity to reduce NOx in coop- 
eration with H2. However, it was also found that Pt 
should be highly distributed and that, for the high dis- 
tribution, a carrier having a high specific surface area 
(greater than 100 m^/g) such as alumina, silica, or 
zeolite was necessary. 

Further, it was investigated whether the exhaust 
gas should be pretreated before mixing with H2. The 
experiment results are shown in FIG. 19. More partic- 
ularly, when exhaust gas with.no pretreatment was 
mixed with H2 amd the mixture was then inbioduced 
to the lean NOx catalyst (R catalyst), the lean NOx 
catalyst exhibited its peak acth^ity at about 250''C, as 
shown by characteristic curve B in FIG. 19. On the 
other hand, if an oxidizing device such as an after- 
burner, a reactor, a three-way catalyst, or an oxida- 
tion catalyst was installed in the vicinity of the engine 
exhaust manifold, when exhaust gas was caused to 
flow through the oxidizing device so that CO and HC 
were removed from the exhaust gas, the lean NOx 
catalyst showed its peak activity at 100 - 150''C, as 
shown by characteristic curve A in FIG. 19. 

This temperature range of 100 - 150''C coincides 
with the inlet temperature of the exhaust muffler, 
which means that it is possible to install the Pt/zeolite- 
type NOx reduction catalyst 80 within the exhaust 
muffler 80. Further, it was found that it would be bet- 
ter to remove HC and CO from the exhaust gas before 
the exhaust gas reached the NOx reduction catalyst. 
This is because NOx conversion by the lean NOx cat- 
alyst would be improved if no soot resulting from in- 
complete burning of HC were formed on the catalyst. 

Further, the sound muffling effect Is Improved by 
installing an interference tube EX1 ata location down- 
stream of the monolithic converter 82. 

An H2 mbcing and NOx reduction catalytic conver- 
ter apparatus of FIG. 22 is different from the appara- 
tus of FIGS. 20 and 21 only in the structure of the mix- 
er. More particularly, the mixer of FIG. 22 comprises 
a mixing pipe 86 having a plurality of apertures 85, 
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while the mixer of FIGS. 20 and 21 comprises a mix- 
ing plate. H2 from an H2 generator is injected into the 
mixing pipe. The apparatus of FIG. 22 has the same 
functions and advantages as those of the apparatus 
of FIGS. 20 and 21. 

In the emt>odiments of FIGS. 20 & 21 and of FIG. 
22, since the NOx reduction catalytic converter and 
the exhaust muffler are integrated into a single as- 
sembly 83, the assembly is compact and is easy to be 
mounted to a vehicle. Further, the apparatus main- 
tains a high NOx conversion characteristic over the 
entire engine operation range. 



Claims 

1. An NOx decreasing apparatus for an internal 
combustion engine comprising: 

an internal combustion engine (1 00) capa- 
ble of fuel combustion at lean air-fuel ratios, the 
engine having an exhaust conduit (101) connect- 
ed to the engine (100) and an exhaust muffler (3) 
installed in the exhaust conduit; 

an NOx reduction catalyst (2) installed in 
the exhaust conduit in or dose to the exhaust 
muffler (3), the NOx reduction catalyst (2) being 
capable of causing NOx and H2 to react with each 
other to thereby decompose the NOx into N2 and 
H2O; 

an IH2 generator (102) for generating H2; 

and 

means (107) for supplying the generated 
H2 to an inlet side of the NOx reduction catalyst 
(2). 

2. An apparatus according to daim 1, wherein the 
NOx reduction catalyst (2) is a Pt/zeolite catalyst 
induding zeolite and Pt carried on the zeolite and 
having a peak NOx conversion through reaction 
of NOx with H2 at 100 - 150»C. 

3. An apparatus according to daim 1, wherein the 
H2 generator (102) indudes a reforming catalyst 
(1) for reforming methanol to generate H2. 

4. An apparatus according to daim 3, wherein the 
reforming catalyst (1) indudes at least one kind 
of catalyst meta) selected from the group com- 
posed of noble metal Induding Pt and Pd and 
transition metal including Cu, Or, and Ni, said me- 
thanol being evaporated by heat from exhaust 
gas and reformed at the reforming catalyst (1) at 
about 300°C to generate H2. 

5. An apparatus according to daim 3, wherein the 
reforming catalyst (1) comprises a Cu-Ni-Cr/alu- 
mine catalyst, said methanol being evaporated 
by heat from exhaust gas, mixed with air, and re- 



formed at the reforming catalyst (1) at 400 - 
SOO^'C to generate H2. 

6. An apparatus according to daim 3, wherein the 
5 reforming catalyst (1) Indudes either one of Cu- 

Mn and Cu-Zn, said methanol being added with 
at least one of water vapor, air, and methanol wa- 
ter, and reformed at the reforming catalyst at 
about 250''C to generate H2. 

10 

7. An apparatus according to daim 1, wherein the 
H2 generator (102) includes a reforming catalyst 
(1) for reforming hydrocarbons such as LPG and 
natural gas to generate H2. 

15 

8. An apparatus according to daim 7, wherein the 
reforming catalyst (1) indudes at least one kind 
of metal selected from the group composed of Ni, 
Co, and Rh, said hydrocarbons being added with 

20 at least one of water vapor, air, and water, and re- 
formed at the reforming catalyst at 300 - BOO^'C 
to generate H2. 

9. An apparatus according to daim 1, wherein the 
25 engine (100) is a hydrogen engine, and the H2 

generator (1 02) comprises an H2 fiiel tank for the 
engine. 

10. An apparatus according to daim 1, further corn- 
30 prising: 

an NOx sensor (6) for detecting an NOx 
concentration of exhaust gas to generate an out- 
put; 

an Intake air sensor (5) for detecting a voi- 
ds ume flow of Intake air to generate an output; and 
a controller (7) for determining an anrK>unt 
of NOx induded in exhaust gas from the engine 
based on the outputs of the NOx sensor and the 
Intake air sensor, and determining an amount of 
40 H2 required to reduce the determined amount of 
NOx. 

11. An apparatus according to daim 1, further conv 

prising: 

45 engine operating condition detecting sen- 

sore for detecting engine operating conditions 
and generating output, the engine operating con- 
dition detecting sensors Including an engine 
speed sensor and an engine load sensor, 

so a controller for determining an amount of 

NOx Induded in exhaust gas from the engine 
based on the outputs from the engine operating 
condition detecting sensors, and determining an 
amount of H2 required to reduce the determined 

55 anKHjntof NOx. 

12. An apparatus according to daim 1, wherein the 
means for supplying the generated H2 comprises 
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a mixer (10) for mixing H2 with exhaust gas from 
the engine, t he mixer (1 0) being located in t he ex- 
haust conduit at an inlet side of the NOx reduction 
catalyst (2. 12). 

13. An apparatus according to claim 1, further conv 
prising an oxidizing device (9) located in the ex- 
haust gas conduit upstream of the NOx reduction 
catatyst for oxidizing HC and CO included in ex- 
haust gas from the engine, and wherein the en- 
gine has an exhaust manifold having an outlet, 
the H2 generator (11) being disposed at the outlet 
of the exhaust manifold, and the NOx reduction 
catalyst (12) being located in the muffler or a por- 
tion of the exhaust conduit downstream of the 
muffler (13). 

14. An apparatus according to claim 1, further com- 
prising an oxidizing device (9) for oxidizing HC 
and CO included in exhaust gas from the engine, 
and wherein the NOx reduction catalyst (12) is a 
Pttype catalyst which comprises platinum depos- 
ited on a carrier selected from the group consist- 
ing of zeolite, silica, and alumina. 

15. An apparatus according to claim 14, wherein the 
Pttype catalyst of the NOx reduction catalyst (82) 
is housed in the muffler (80) to constitute a single 
assembly of the NOx reduction catalyst and the 
muffler. 

16. An apparatus according to daim 1, wherein the 
H2 generator (102) includes an inner core con- 
structed of a coiled tube (114) inserted In the ex- 
haust conduit, an electro-magnetic Injection 
vaWe (115) for injecting methanol into one end 
portion, and a reforming catalyst (14) housed In 
the inner core and including Pd. 

17. An apparatus according to daim 1, wherein the 
NOx reduction catalyst (2) comprises a pellet 
type catalyst (61). 



duction catalyst (60) by a distance at least twice 
the inside diameter of the exhaust conduit (65) 
and no more than ten times the inside diameter 
of the exhaust conduit (65). 

5 

20. An apparatus according to daim 12, wherein the 
NOx reduction catalyst (2) comprises a monolith- 
ic type catalyst (62). and wherein the mixer (10) 
comprises an injection nozzle (66) having a first 

10 diameter, and a cylinder (68) coaxial with and 
downstream of the Injection nozzle (66), the cy- 
linder (68) having a second diameter greater than 
the first diameter and haying a plurality of injec- 
tion apertures (67) formed in a wall of the cylin- 

15 der. 

21. An apparatus according to claim 20, wherein a ra- 
tio of the second diameter to the f iret diameter is 
in the range of 1.7 to 3. 

20 

22. An apparatus according to daim 21, wherein the 
ratio of the second diameter to the f iret diameiter 
is substantially 2. 

25 23. An apparatus according to daim 15, further conv 
prising a mixing plate (84) disposed in the muffler 
(80) and upstream of the NOx reduction catalyst 
(82), the mbcing plate (8|4) comprising a plate hav- 
ing apertures (85) of different sizes. 

30 

24. An apparatus according to daim 15, wherein the 
means for supplying the generated H2 comprises 
a mbcing pipe (86) disposed in the muffler and 
connected to the exhaust conduit, the mixing 

35 pipe (86) having apertures (85) formed in a wall 
of the mbcing pipe (86), the H2 generator injecting 
the generated H2 into the mbcing pipe (86). 

25. An apparatus according to daim 14, wherein the 
40 oxidizing device is any one of an afterburner, a re- 
actor, a three-^y catalyst, and an oxidation cat- 
alyst. 



18. An apparatus according to claim 12, wherein the 
NOx reduction catalyst (2) comprises a monolith- 45 
ic type catatyst (62), and wherein the mixer (10, 
69) comprises an injection nozzle (63) connected 
to the H2 generator and having a plurality of radi- 
ally directed holes (64) for injecting H2 there- 
through. 50 



19. An apparatus according to claim 18, wherein the 
injection nozzle (63) has an outside diameter 
equal to or greater than 20% of an inside diameter 
of the exhaust conduit (65), the exhaust conduit 55 
being enlarged in diameter at a portion in which 
the injection nozzle is disposed, the injection 
nozzle (63) being spaced apart from the NOx re- 
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